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CHAPTER 1: METEOROLOGY 





Solar Radiation 


The solar rays from the sun to the earth is commonly known as “sunlight.” 
Actually, solar rays not only include visible light, but also invisible 
infrared and ultraviolet rays (which have very high energy). Solar 
radiation is the overall term for these two groups of light. 


I. Solar Radiation Intensity 


Before entering the atmosphere, the intensity of solar radiation is 

1.94 cal/cm?-min (solar constant). Solar radiation is diffused in the 
atmosphere. About 43 percent of the total annual solar radiation is 
bounced back into space by reflection and scattering. Only about 57 per- 
cent of the energy left is utilized by the earth and its atmosphere, 14 
percent of which is directly absorbed by the atmosphere, leaving 43 per- 
cent of the energy to reach the terrestrial surface in the form of direct 
radiation (27 percent) and scattering (16 percent). 





In the northern hemisphere, the shortest day of the year is on 

22 (or 23) December, which is called the “winter solstice.” On this day, 
the surface of the earth receives the least amount of solar radiation 
energy. The longest day is on 21 (or 22) June, called the “summer 
solstice,” and at this time the earth's surface receives the maximum 
amount of solar radiation energy. The “spring equinox” and “autumn 
equinox” are on 21 (or 22) March and 23 (or 24) September respectively 
when day and nizit are of equal length. 


Il. Spectrum of Solar Radiation 


The sunlight spectrum is a continuous light spectrum composed of different 
wavelengths. When it reaches the ground surface, its wavelengths range 
from 0.17 to 0.53 micrometers, which may be divided into three areas: 

The ultraviolet spectral region (ultraviolet rays) whose wavelengths are 
less than 0.4 micrometers; visible spwctral region (visible light), whose 
wavelengths range from 0.4 to 0.76 micrometers; inf ared spectral region 
(infrared rays), whose wavelengths are greater thio 0.76 micrometers. 














The ultraviolet rays near the ground surface account for approximately 

2 percent cf the total solar radiation energy. Ultraviolet rays have 
great influence on the ricening of fruits and can increase the germina- 
tion and quality of seeds. fhus, putting seeds out to sur not only helps 
to increase germination rate, but also enables ultraviolet rays to 
disinfect the seeds and kill bacteria. 


Of the total amount of solar energy reaching the terrestrial surface, 
approximately 42 percent is visible sunlight. In order to manufacture 
organic matter, plants must have light--the essential condition under 
which chlorophyll can turn carbon dioxide and water int. organic matter. 


Chlorophyll has a selective light absorption capability. Red and yellow 
light absorption is the strongest while »lue and violet light absorption 
comes next. “Physiological rsiiation” is tne term given to the totel sum 
of all the different light rays absorbed by chlorophyll. 


Infrared rays, which make up 56 percent of the total sunlight enerry, are 
absorbed by plants and transformed into heat. Part of the heat increases 
the temperature of the plants, and the rest of the heat is lost in water 
vaporization. 


III. Reflectivity of Surfaces of Different Objects to Solar Radiation 














Surface Reflectivity (%) 
Fresh snow 81-85 
Old snow 42-70 
Cloud 60-90 


5 (sun"s altitude 45°) 
20 (sun’s altitude 15°) 
55 (sun's altitude 5°) 


Flat water surface 





Earth's whole atmosphere 37 
Sand 12-16 
Light color soil (yellow soil) 22-35 
Dark color dry soil 14-15 
Dark color wet soil 8-9 
Newly plowed land 5-16 
Ripe Graminae plants (light color) 25 
Initial growth of Gramineae plants (dark 

color) 20 
New grassland 25-25 
Dry grassland . 31-36 
Grassland after rain 22 
Bush and grassland 1.5 
Berry frutex forest 10 
Broadleaf forest 20 
Coniferous forest 10-15 











IV. Objects Pervious and Impervious to Ultraviolet Rays 

















" (1) a me (Daten anr a (&) 
an Qo sale Green 

(6) #aaRe 2 7 ° 

(7) @? aaa 2 | %8 60 

(8) wma 0.02 # | 90 

(S)meZetecem 0.9 #0 50 

(10) seeea8 0.04 a | 9 

(1l) ePe 0.09 ry | 30 

(12° os = = 4 

Key: 

l. Kind ‘ 
2. Thickness (millimeters) 
3. Percentage of transmitted light (%) 
4. Ultraviolet Ray A Zone (wavelength: 0.4-0.32 micrometers) 
5. Ultraviolet Ray B Zone (wavelength: 0.32-0.28 micrometers) 
6. Ordinary glass 
7. Uviol glass 
8. Glass paper 
9. Transparent vinyl resin 


10. Transparent plastic fils 
ll. Window paper 
12. Gauze 


V. Rate of Heat Penetration of All Kinds of Covering Materials (Masured 
in terms of lam light) 








(1) » 2 (2) 8 a zg @)A aa x 
(4) gaua | 8 | 72.8 
(5S) aamen 0.065~0.1 | 70~80 
(6) guae 0.0 84 
(/) caenem 0.08 80 
(8) ean 0.08 a6 





Note: All values in table are measures against 

1 kilowatt lamp light. As there are shorter wave- 
lengths in sun light, approximately 10 percent 
should be added to the penetration rate. 


Kind 

Thickness (millimeters) 
Heat penetration rate (2) 
Ordinary glass 


Oiled paper used in hotbeds 
Plastic fila 

Vinyl resin 

Cellos hane 


wn 
ono Ww 














VI. Relationship Between Hours of Light and Plant Grcevth 


Short daylight crops: Short daylight crops are plants which can blossom 
and bear fruit faster in shorter daylight and longer night conditions, 
such as, corm, gaoliang, rice, millet, sugar cane, soybeans, kidney bean, 
cowpea, adzuki bean, sunflower, peanut, sesame, castor, cotton, ambary 
hem, hemp, jute, abulilon hemp, tobacco, and cucumber. 


Long daylight crops: Long daylight crops are plants which can blossom 
and bear fruit faster in longer dayiight and shorter night conditions, 
such as, wheat, barley, oat, rye, broad bean, pea, rape, mustard plant, 
flax, beet, wild peas, carrot, turnip, onions, garlic, spinach, cabbage, 
lettuce and potato. 


Soil Temperature 
I. Soil Temperature Diurnal Variation 


The lowest topsoil temperature of the day is before sunrise, and the 
highest is at 1300-1400 hours; there is no daily temperature variation 
in soil layers at the depths of 80-100 cm (dry crop areas in the north). 


Il. Soil Temperature Annual Variation 


The higaest topsoil temperature of the year is in July or August, and 
the lowest is in January or February. In low latitudinal areas, there 
is no annual soil temperature variation at the depths of 5-10 meters; 
in middle latitudinal areas, no annual variation occurs at 15-20 meters; 
in high latitudinal areas, no annual variation occurs at the depth of 
20-25 weters. Soil at this depth is called the “constant temperature 
layer.” 


III. Relationship Between Soil Temperature and Germination 


Based on heat requirements of seeds during the germination period, agri- 
cultural crops can be generally classified into the following five 
categories: 


Category 1: Crops which can germinate with a minimum heat requirement 
at soil temperatures of 1-2°C: wheat, barley, oat, wild peas, peas and 
mustard plant. 


Category 2: Crops which can germinate with a comparatively little heat 
requirement at soil temperatures of 3-5°C: rape, flax, buckwheat, sun- 
flower and beet. 


Category 3: Crops which require relatively a large amount of heat in 
order to germinate with soil temperatures above 6°C: soybeans, potato 
and lupine. 























Category 4: Thermophilous crops which germinate at soil temperatures 
of 9-10°C: corn, millet and castor. 


Category 5: Crops which require the most heat and soil temperatures 
above 10°C in order to germinate: cotton, rice, gaoliang, kidney bean, 
sesame and peanut. 


Air Temperature 
I. Air Temperature Daily Variation and Annual Variation 


Air temperature daily variation: The lowest air temperature of the day 
is just before sunrise; the highest is around 1400 hours. 


Air temperature annual variation: Generally, the highest temperature of 
the year in our country is in July, and the lowest annual temperature is 
in January. 


II. Classification of Agricultural Crops Based on Temperature Requirements 


Category 1: Warm weather crops requiring high temperatures throughout the 
germinating [chun hua 2504 0553] stage: 


Long growth period: Crops that require relatively high temperatures dur- 
ing their growth period and are nonresistant to freezing frost are rice, 
cotton, tobacco, peanuts, sesame, castor, musk melon, tomato, pumpkin, 
cucumber, all tropical crops and most subtropical crops. 


Short growth period: Crops which do not require high temperatures and 
have some degree of resistance to freeze damage are late ripening varie- 
ties of millet and potatoes, certain varieties of corn, buckwheat and 
kidney bean. 


Category 2: Cool weather crops which require low temperatures through- 
out the vernalization stage: 


Medium cold-resistant crops: Certain varieties of potatoes, beet, 
lupine and wild peas. 


Relatively cold-resistant crops: Certain varieties of sunflowers, and 
certain tuber crops. 


Cold-resistant crops: Wheat, barley, oats, peas, carrots, Rhaphanus 
sativus, rape turnip (brassica campesiris), winter rape, lettuce and 
cabbage. 




















III. Active Temperature and Effective Temperature 


Active temperature: “Active temperature" is the daily mean temperature 
higher than the minimum growing temperature of a crop during its growing 
period or throughout the entire length of its life time. If a crop's 
lowest biological temperature is 10°C, and the mean temperature of a 
given day is 15°C, the “active temperature" of the day would be 15°C. 
“Active accumulative temperature" is the total active temperature of a 
crop's growing period or the entire length of its life time. 


Effective temperature: "Effective temperature" is the temperature which 
promotes the growth of plants, i.e., the difference of the active temp- 
erature and lowest biological temperature. The “effective accumulative 
temperature" of a given period is the sum of all the effective tempera- 
tures in the crop's growing period. If the accumulative temperature of 
a given region or growing season is less than the accumulative tempera- 
ture required by the crop throughout its whole period of growth, it 
indicates that the heat conditions of this region or season is not 
sufficient for such crops, and the crops cannot ripen normally. After 
the effective accumulative temperature required by a given crop during 
its growing period has been determined, it is then possible to make 
forecasts of its growth stages (e.g., heading, flowering and ripening 
periods). 


Freezing Frost 
I. Concepts of Frost and Freezing Frost 
"Frost" and "freezing frost" are two different things in concept. 


When objects on the grounu or near the terrestrial surface are hit by cold 
air (advection), or when the objects send out heat by themselves (radia- 
tion), or when they are affected by both factors at the same time, which 
causes their temperature to fall below zero, the water vapor in the air 
will coalesce and form a kind of white ice crystal substance on the 
surface of the objects on the ground or near the ground surface. This 
phenomenon is known as "frost." 


When the temperature of the air near the ground surface suddenly drops 
and exceeds the maximum cold resistance of crops, the crops are thus 
injured by what is known as freezing frost. The crops are not harmed by 
frost itself, but by the low temperature which coalesces frost. Usually, 
when we say frost injury, we actually mean freeze injury, which is gen- 
erally referred to as freezing frost. When crops experience freezing 
frost, there may no necessarily be any frost around. 























II. Atmospheric Conditions and Freezing Frost 


When a strong wave of cold air moves in, the air temperature near the 
ground surface suddenly drops to 0°C or below 0°C. If the night sky is 
clear and there is no wind, freezing frost normally occurs. But if 
there is fog at night, freezing frost may not happen. Winds can reduce 
the chances of radiation freezing frost. Thus, the stronger the winds, 
the less likely freezing frost will occur. 


III. Effect of Topography on Movement of Cold Air and Danger of Freezing 




















Frost 
Lowest 
night 
Variation tempera- 
in length ture 
Degree of of frost- changes 
Cold air danger of free (°C) in 
freezing season spring & 
Topography Inflow Outflow frost (days) autumn 
Mountain peak and top None Excellent Minimum +20~425 +43~+4+5 
of steep slopes (slope 
>10°; relative height 
comparatively high, 
Sh>50 meters) 
Mountain peak, and None Present Medium +10~+20 +2~+3 
top/middle portions 
of slopes (slope >10°, 
relative height not 
high, Ah<50 meters) 
Plains, highland, None None Medium- 0 0 
central portion of high 
valleys with broad 
floors (over 1 km) 
Middle portion of Present Present Medium- 0 0 
gentle slope (slope high 
<10°, relative 
height not high, 
Ah<50 meters) 
Base and lower por- Present Excellent Minimum +#20~425 +43~+4+5 


tion of narrow 
straight valley 
(relatively steep 
slopes along mountain 
valley, V-shape 
mountain) 














[Continuation of table] 














Degree of 
Cold air danger of 
freezing 
Topography Inflow Outflow frost 
Same as above, medium Present Present Medium 
slope 
Base and lower por- Present Medium Mediun- 
tion of steep slope high 
(U-shape mountair ) 
Same as above, rela- Present Very weak Great 
tively small slope 
Base and lower por- Present Almost Maximum 
tion of mountain none 
valley sealed into 
U-shape (tortous 
valley) 
Basin Present None Maximum 
Lower portion of Present Very weak Great 
slope and adjacent 
base of broad 
trough-shape valley 
Sealed trough Present Almost Maximum 
valley none 
Notes: 


Variation 
in length 
of frost- 
free 
season 


(days) 
+10 ~ +20 


-20~ -30 


-10 ~ -20 


-20 ~ -30 








-3~-5 
or more 


=-3~ <5 


-3~ -5 
or more 


Positive sign (+) indicates frost-free period is longer than on 


the plains or level areas, night lowest mean temperature rises; 


Negative sign (-) indicates frost-free period is shorter than on 
the plains or level areas; more frostbites. 








IV. 


Key: 


Frost Resistance of Agricultural Crops at Different Stages of Growth 
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Frost resistance 
Crop 
Critical temperature for preliminary plant damage and partial 
death (°C) 
Sprouting 
Flowering 


Ripening (milky ripe) 
Critical temperature at which most plants die (°C) 














8. Strongest resistance to 25. Weak resistance to freezing 
freezing frost frost 
9. Spring wheat 26. Corn 
10. Oats 27. Millet 
ll. Barley 28. Gaoliang 
12. Peas 29. Potato 
13. Strong resistance to freezing 30. No resistance to freezing 
frost frost 
14. Spring wild pea 31. Buckwheat 
15. Broad beans 32. Kidney bean 
16. Sunflower 33. Castor 
17. Flax 34. Cotton 
18. Hemp 35. Melons 
19. Beet 36. Rice 
20. Carrot 37. Sesame 
21. Winter rape 38. Ambary hemp 
22. Medium resistance to freezing 39. Peanuts 
frost 40. Cucumber 
23. Soybeans 41. Tomato 


24. Abulilan hemp 


V. Freezing Frost Severity Scale and Crop Damage Situation 

















Lowest air 
temperature 
(°C) in an 
instrument 
Scale shelter Crop damage situation 
Light freezing 2.0~0.1 Cotton injured, some frozen. 
frost 
Ordinary freezing 0.0~2.0 Crop reproductive organs injured; cotton 
frost and muskmelon plants die. 
Severe freezing -2.1~-5.0 Corn and kaoliang plants die; some rape 
frost seedlings die, most are injured. 
Serious freezing -5.1~~-/7.0 Some sugar beets die, most are injured; 
frost rape and sunflower plants die. 
Extremely serious -7.1~-10.0 Most wheat type crops in the noding stage 
freezing frost and peas die; sugar beets die. 
Devastating below -10.0 Peas and wheat type crops die. 


freezing frost 
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Humidity of the Atmosphere 
I. Water Vapor Pressure 


The outward pressure exerted by water vapor in the atmosphere is called 
“water vapor pressure.” Water vapor pressure is expressed in millibars 
or mm Hg. 


II. Absolute Humidity and Its Variations 


The density of water vapor in the air is called “absolute humidity." 
Absolute humidity is expressed in terms of mass of vapor (grams) per 
cubic meter of air. Computation shows that the values of absolute 
humidity and vapor pressure are very close. Thus, we often use the 
value of vapor pressure (millibars) to express absolute humidity. 


There are two types of absolute humidity diurnal variations: 


The first type of absolute humidity daily variation coincides with the 
daily temperature variation, and changes from minimum to maximum values 
in a single day. The maximum value occurs around 1400 hours in the 
afternoon, which is also the time of the highest temperature. The mini- 
mum value occurs near sunrise, which is the same time as the lowest 
temperature. This type of daily humidity variation often appears on 
sea coasts, islands, coastal areas and also on the mainland during the 
frigid cold season. Thus, it is known as “maritime type." 


In the second type of daily variation, the absolute humidity has two 
maximum values and two minimum values in a single day. The maximum 
values occur at 900-1000 hours and 2000-2100 hours. The minimum values 
occur before sunrise and 1400-1500 hours. This type of daily humidity 
variation often appears on the mainland during the warm season. 


The annual variation of absolute humidity coincide with the annual 
temperature variation. The maximum value of the year is in hot July 
and the minimum value is in cold January. 


ITI. Relative Humidity and Its Variations 


At a given temperature, the ratio (%) of the actual atmospheric vapor 
pressure to the saturated vapor pressure under a given temperature is 
called “relative humidity." 


Daily variations of relative humicity are opposite to daily temperature 
changes. The highest relative humidity of the day occurs just before 
sunrise when the temperature is the lowest. The lowest relative 
humidity appears in the afternoon around 1400 hours when the temperature 
is the highest. 


ll 























In regions where absolute humidity variations are mot great, the annual 
variation of relative humidity is inverse to the annual temperature 
variation, i.e., highest in winter and lowest in summer. However, in 
monsoon areas (in the eastern, southern and most northeastern parts of 
our country), owing to the predominant dry continental air mass in 
winter and warm maritime air mass in summer, the annual relative 
humidity variations coincide with the annual temperature variations, 
i.e., highest in summer and lowest in winter. 


IV. Saturation Deficiency 


At a given temperature, the difference between saturated vapor pressure 
and actual vapor pressure is called “saturation deficiency," and its 
units are millibars or mm Hg. 


V. Relative Humidity and Agricultural Production 


Relative humidity is closely related to the growth of farm crops. Under 
a given temperature, there is a certain range of humidity suitable for 
crop growth. For instance, the suitable relative humidity for the 
flowering of corn at 25°C is about 70 percent. If the humidity is too 
low, the anther and pollen will die, thus affecting pollination and 
fructification. 


Humidity is generally expressed in terms of relative humidity and 
saturation deficiency, the values of which can help determine the 
degree of water evaporation and crop transpiration, and also help 
predict the magnitude of certain types of crop disease and insect 
damage. Low relative humidity or great saturation deficiency indicate 
dry air, a high degree of plant transpiration, heavy depletion of soil 
moisture, and serious insect damage, such as red spider mites. If the 
relative humidity is too low, the atmosphere will become arid bringing 
drought to the crops. On the other hand, if the relative humidity is 
too high, and even to the extent where the water vapor in the air 
becomes saturated, plant transpiration will drop to near zero, which 
is detrimental to the normal growth of crops and often gives rise to 
calamitous damage from diseases. 
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Clouds and Precipitation 














I. Cloud Types and Characteristics 
9 
> - 
»Stielals Shape Other 
“iv @| ° vl 
Bi spelel eis 
Ss ~2 3 >i +! 
=~ <~ 4 i nivo 
Fibrous, rounded Detached clouds in the form of 
e tufts, hooked, delicate bright filaments. 
eo s silky thread-like, | Appears mostly in fair weather. 
Zi] 2)8 | feathery. But after long period of clear- 
SiS i sis ness, hooked clouds suddenly 
oC e appear in the sky, bringing 
2 changeable weather. “Rain 
§ follows uncinate clouds in 3-5 
- days." 
2 Mackerel-shaped, Strong resemblance to water sur- 
o};@ a small global masses| face rippled by light dreeze. 
o9i2 ] -4 
esieis s of cloud layers, or| Appears mostly in clear autumn 
wl > é | @ | cloud layers weather. When it appears in 
1? 6) fom iS) gp — 
= |o}o ~~ | arranged in lines early summer mornings, the cloud 
vials 7) 
a;e i - = | or groups or masses gradually thicken, often 
7 eg f: g ripple patterns. accompanied by wind and rain, 
-|*™ i.e., “Mackerel sky with rain or 
sl) @ wind." 
aA FO Transparent veils | The outline of the sun and moon 
9 that look like fine| is visible, often producing 
5 silk; spun silk halos. Sometimes the cloud 
oO formation slightly | formation is indistinct, giving 
3 =\2 | discernible, like a| the sky a milky appearance. 
4 $ = tangled web. Generally, there is no precipi- 
He g > tation. But in winter there is 
8 vile occasional snowfall in the 
eis northeastern, northwestern and 
o Si¢ Inner Mongolian areas. If the 























cloud layers grow thick, bad 
weather often follows, i.e., 
"Sun halo, wind; moon halo, 
snow.” 





[Table continued] 
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Cloud Types and Characteristics (cont.) 





























re) 
os - 
nistelal 3 Shape Other 
eile » | Oo +S) - 
gea2i@] 2 | 2 
ele3s|z] eo {8 
Large laminal, roll-| May or may not be diffused; 
like masses, often cloud elements often closely 
2 arranged in groups, | packed; thin and semi- 
§ 3 2 be lines or wavelike transparent outlines; often 
Ae o “+ | patterns along one seen with irisation colors. 
“ é oi & 3 or two directions. When there are not many 
sive | gi< - > cloud masses with little 
sivzis s & sign of increase, it sug- 
ei .i< = gests that the sky is 
zis clearing up; when clouds 
Sis thicken, rainstorms often 
) 2 follow. 
= aad Striated or fibrous | Resembles Cirrostratus 
Si ¢ o sheets, no distinct | clouds, but with no halos. 
Z| 3 3 3 ‘ao Se & a. The sun and moon can be 
3 S “3 Sa seen through the cloud 
Bia 2 oe - ait screen, as though looking 
3518 ~ Es >,» through ground glass, but 
& finde 4 EE very vaguely and dark. 
a esrico" When clouds thicken, rain 
zx or snow often occur. 








[Table continued] 
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Cloud Types and Characteristics (cont.) 





Altitude 
(meter) 
Genera 
Symbol 
Structure 


Family 


Color 


Shape 


Other 





Stratocumulus 
Sc 
Water droplets or 
mixed with ice 
Gray, partly dark 


crystals 


Cloud layers or 
patches composed 
of small squares, 
masses or rolls, 
often arranged in 
groups, lines or 
wavelike patterns. 


Fluffy, grizzle cloud 
patches, some parts may be 
relatively dark, sometimes 
covering the whole sky like 
billowing sea waves. Sonme- 
times, the sun turns up in 
the sky between the cloud 
masses. Such clouds appear 
mostly in winter with 
occasional small snowfall. 








Stratus 
St 
or mixed with 
ice crystals 
Light gray 


Dark gray 


Low, uniform cloud 
bases, like fog, 
but not touching 
the ground; no rain 
or snow virga at 
base. 


Generally no heavy rain or 
snow. Only drizzle or snow 
flurrie could occur. 
Weather is stable. 





Shapeless precipi- 
tation cloud layers 
that are low and 
spread out. 


Also called raincloud; more 
uniform than Stratus; faint 
sunlight seems to radiate 
from clouds; mostly formed 


Low Cloud Stage 
Cloud base generally below 2.5 km 


Absence of small 
cloud droplets in 
the lower part; 
ragged outlines, 
often with rain or 
snow virga; cloud 
bases appear 
diffused. 


by thickening of Altostratus; 
often gives continuously 
falling rain or snow, i.e., 
“When gray curtain hangs in 
the sky, there is bound te 
be continuous drizzle.” 


Nimbostratus 
Ns 
Large H20 droplets mixed H20 droplets 


with ice crystals 
Dark gray 


























{Table continued] 
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Cloud Types and Characteristics (cont.) 








L\titude 
Structure 
Color 


Genera 


Stage 


Other 





Cumulus 


Water droplets 
White top, gray or 


dark gray base 


Vertical developing 
thick cloud masses 
in the form of 
rising domes with 
sharp outlines, 
bulging tops and 
flat bases. 


Standard Cumulus clouds 
mostly appear at dawn on 
clear days. They develop 
gradually and disperse at 
dusk. Such clouds suggest 
clear weather. In Souta 
China there is a saying: 
“When carp spots appear in 
the sky, there is no need 
to turn over the sunning 
grain.” 








Vertical Development Cloud 
Cloud base generally above 0.5-1.0 km, 


c 


Cumulonimbus 
Ice crystals in upper part, 
water droplets in lower part 
Gray white top, 
dark cloud base 




















Large, heavy and 
dense cloud masses, 
like mountains or 
towers, sometimes 
spread out in the 
shape of anvil; 
fibrous structures 
in upper parts. 
Rain virga gen- 
erally form at 
cloud bases. 





Frequent rain showers or 
snow showers; thunder- 
storms often occur, 
occasionally with hail. 
Very common in summer 
afternoons. Also known 
as thunderclouds. 
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Il. Classification of Rains and Snows According to Intensity 
Precipi- 
Rein Ae araens Influence on soil 
scale gauge Hard ground Soft ground 
(mm/ day) 

Drizzle 0 Each rainfall does Soil appearance | Soil appear- 

not exceed 0.1 mm. almost the same | ance almost 
as before rain. | same as 
before rain. 

Light 0.1-9.9 Within 1 hour, there | Small puddles Topsoil 

rain are slight traces of | form, no run- becomes wet. 

rainfall up to 2.5 off. 
mm. “ainfall does 
not exceed 0.3 am 
in any given 6 ain 
period. 

Moderate | 10.0-24.9! Within 1 hour, the Puddles and mud/ Topsoil 

rain rainfall is between form quickly. becomes wet; 
2.5-8 om, or does There is run- water pene- 
not exceed 0.8 am off. trates; small 
in any given 6 min puddles fors. 
period. 

Heavy 25.0-49.9 | Intensity exceeds Raindrops Puddies 

rain medium rainfall. spatter in all | quickly fora, 

directions a causing run- 
few inches off; large 
above ground. quantity of 
Water pools soil eroded. 
form very 

rapidly, water 

and earth lost 

through runoff. 

Rainstorm | Over 50 Within 1 hour, rain- | Water and earth| Soil swept 
fall reaches 8 mm; lost through away, causing 
or within 12 hours, runoff, soil destruction 
it reaches 30 mm; or | swept away. of soil 
within 24 hours, it layer. 
exceeds 50 mm. 

Snow scale Light Medium Heavy 

“am < 2.5 2.5-5.0 > 5.0 
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II". Table of Conversion From Rainfall to Water Volume per Mu 


Rainfall (millimeters) Wate rm (cubic meters 

l 0.7 

5 3.3 
10 6.7 
15 10.0 
20 13.3 
25 16.7 
30 20.0 
35 23.3 
40 26.7 
45 30.0 
50 33.4 
100 66.7 
300 200.1 
500 333.5 


Drought 
I. Degree of Aridity 


The incoming and outgoing of watex (water balance) reflect the aridity of 
a given region. In terms of meteorology, precipitation constitutes the 
principal way water comes in and can be directly measured. Evapo- 
transpiration is the main way water leaves (including plant transpiration), 
but under ordinary circumstances the accurate amount of water lost in 
evapotranspiration is difficult to measure. Thus, in many instances, 
certain parameters (e.g., temperature, wind speed, solar radiation, 
saturation deficiency, relative humidity, etc.) which are related to 
evaporation are used as indirect means of expressing climatic aridity 

and humidity. Generally, the criteria of aridity is determined by the 
ratio of potential evaporation and precipitaiion. The index of aridity 
may be computed with the following formula: 


x ~ 0.163 
r 


in which 


K--Degree of aridity 
It--Active accumulative temperature covering a given period in which the 
temperature is 10°C or above 
r--Total precipitation in same period 
0.16--Coef ficient 
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Criteria for determining climatic aridity and humidity based on degree 
of dryness is as follows: 


< 0.49 Very humid 1.51-2.00 Slightly humid 
0.5-0.99 Humid 2.01-4.00 Semi-arid 
1.00-1.50 Semi-humid > 4 Ar 


II. Effective Water Retention in Soil 
W =0.1d(V —)h 


in which 


W--Effective water retention in soil (mm water column) 
d--Soil capacity weight (gram per cubic m) 

V--Soil moisture (percentage to dry soil weight) 
k--Fade coefficiency 

h--Soil thickness (cm) 


III. Arid Winds (Atmospheric Drought) 
At present there is no standardization for arid winds. But concerned 


departments in Xinjiang have proposed that arid winds be expressed in 
terms of saturation deficiency and wind speed: 











a) ® 2 4" mn # Re a 
z | (@2) (4) (%/%) 
(5) ® @ AR > 5 | >5 
(6)a% BER 25 >5 
Q)manen >35 >3 
(8) mp B-aR >35 | > 5 
OHQeam sm >25 | >10 
QO) ganas, >3 | >10 
Key: 
1. Type 
2. Factors 
3. Saturation deficiency (millibars) 
4. Wind speed (meters/sec) 
5. Early spring arid wind 
6. Weak arid wind 
7. Weak arid wind 
8. Medium arid wind 
9. Medium arid wind 
10. Strong arid wind 
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The former Jiangsu Branch of the Chinese Academy of Agricultural Sciences 
and Kiangsu Provincial Bureau of Meteorology have proposed the following 
classification and meteorological indices for dry wind days in Xuchou and 
Huaiyin prefectures of Jiangsu Province: 











a es Ak SAN  BDENRE BERN 
n’ « 2) Ode ere Deg | Oe) ©) ow 
(7)g>8@8 >a BN | «ONS : >5 
(8)n+ga8 12~14 | (8 ~36 | 10~40 465 
(stems | W~l2 | 2-3 | 2~45 ! 3~4 
Key: 
1. Scale 6. Maximum wind force (grade) 
2. Factors 7. Heavy arid wind day 
3. Evaporation (mm/day) 8. Medium arid wind day 
4. Highest air temperature (°C) 9. Light arid wind day 
5. Minimum relative humidity (7%) 
Wind 


I. Relationship Between Pressure-Plate Anemometer Indicator Reading and 


Wind Speed 


Pressure-plate anemometer 


indicator reading 





Approx. 0 
0-1 
Approx. i 
1-2 
Approx. 2 
2-3 
Approx. 3 
3-4 
Approx. 4 
4-5 
Approx. 5 
5-6 
Approx. 6 
6-7 
Approx. 7 
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Wind speed (meter/sec) 
Light plate Heavy plate 








0 0 
1 2 
2 “ 
3 6 
4 8 
5 10 
6 12 
7 14 
8 16 
9 18 
10 20 
12 24 
14 28 
17 34 
20 40 
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Weather 


+ 


Weather Chart 





In order to study weather variations, weather charts are drawn to present 
the state of weather of different locations at an instant of time, using 


symbols and figures on maps. 


Weather charts are categorized into two 

























































































types: surface charts and upper air charts. 
Common Weather Chart Symbols 
WRU: SRS WUD SHS WRU SHS 
1) B Bay 8 | ¢ 33K # | CH 
26 « Ore em | os Pe z <— 
D8 (OMe eR FG 
aya |~ Ok om 4°, Om ok OR 
5) # ee " $3 P/*eae  ™ 
em we [<Pwexa ‘hear Tm 
TS 23 
7) ny RRR / Benen i 
Gam Crew OR HON SCG 
ye t wok A] ORR & OD 
1l0h}»%¢ A ek ea | & & -Fs 
TH 2 |Aleen | \( Oe & hrm 
| | 
12 eX aa (2) 8 j=GA4e ae ---- 
3}, ti? & =ESwewe sss 
4h og - |€€B0) = O*ewsnen su 
tat =e — 
WE Sa CS 
Key: 
W = Weather (term) ll. Ice pellets 
S = Symbol 12. Wind storm 
l. Overcast 13. Light snow 
2. Broken cloud 14. Medium snow 
3. Clear 15. Heavy snow 
4. At times 16. Snow storm 
5. Transition 17. Light rain 
6. Thunderstorm 18. Drizzle 
7. Shower 19. Medium rain 
8. Thundershower 20. Heavy rain 
9. Hail 21. Rainstorm 
10. Small hail 22. NE wind 
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23. SW wind 36. Precipitation 


24. Gale 37. Highest temperature 
25. Typhoon 38. Lowest temperature 
26. Dust whirls 39. Mean temperature 
27. Funnel 40. High pressure 

28. Duststorm or sandstorm 41. Low pressure 

29. Fog 42. Cold front 

30. Dew 43. Warm front 

31. Snow cover (accumulated snow) 44. Isotherm 

32. Freezing frost 45. Isohyet 

33. High cloud 46. Boundary line of freezing 
34. Middle-level cloud frost area 

35. Low cloud 47. Freeze 


48. Ice needles 
II. Air Masses 


An air mass is a huge body of air extending over a vast territory of 
space, within which the properties are much the same at all points in a 
horizontal direction. Air masses can be classified according to their 
properties: cold, warm, dry or moist air masses. When a cold air mass 
moves in, the weather becomes cold, often giving rise to shower precipi- 
tation and strong windy weather. When a warm mass intrudes, the weather 
becomes warm; fogs, low clouds (stratus, stratocumulus) and drizzles 
appear in the air layer near the earth's surface. There are two chief 
types of air masses which affect our country. The first type is the 
continental polar air masses (Siberian air masses), commonly called cold 
air masses, which prevail throughout the winter half of the year. The 
cold air masses often cause clear weather, light breezes, chilly mornings, 
warm afternoons, and fogs south of the Yangtze River. The other type is 
the maritime tropical air masses (Pacific tropical air masses), commonly 
known as warm air masses, which prevail throughout the summer half of the 
year in our country. Under the control of warm air masses, the morning 
weather is clear and refreshing, in the afternoon the hot sun blazes in 
the sky, a strong convection occurs in the atmosphere, producing cumulus 
clouds, and sometimes thunder showers. 


III. Fronts 


When air masses of differing properties meet, “frontal surfaces" form at 
the boundary between the masses. The line at which the frontal surface 
and ground surface meet is called “frontal line," shorten to "front." 
Fronts may be classified according to the pattern of movement: warm 
front, cold front and stationary front. 


Warm front: When warm air advances and gradually replaces the cold air, 
it gradually replaces the cold air. As the warm f° ‘proaches, first 
cirrus clouds appear. The air pressure gradually fai.... and halos form 
around the sun or moon. After the cirrus clouds, the cloud layers 
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gradually become thicker and lower, giving rise to altostratus clouds, 
and there is a marked falling of air pressure. As the frontal line con- 
tinues to approach, the cloud layers become even thicker and lower, 
forming into nimbostratus with continuous precipitation. When the 
frontal surface passes the boundary, the precipitation stops. The 
temperature goes up, and there are marked changes in the wind direction 
(clockwise), but the air pressure is stable. 


Cold front: The cold air wedges its way under the warm air. Before the 
arrival of the cold front, the weather is normally warm or even hot, and 
the barometer falls. As the frontal line passes the boundary, 
cumulonimbus clouds form; the rainfall zone is narrow and frequented by 
thunder showers. Sometimes violent gusts or hailfalls occur. As the 
frontal surface passes the boundary, the air temperature drops, the 
barometer climbs rapidly, the rain stops, the weather becomes clear, and 
the wind force suddenly increases. 


Stationary front: When cold and warm air meet, a "stationary front” 
forms if the forces are balanced, or the frontal surface is forced by 
topographical obstructions to stay in a certain area for a certain 
length of time. Under the control of this type of front, stratus or 
stratocumulus clouds often appear and give rise to drizzles. Heavy fogs 
frequently occur, and the sky is often gloomy. 


IV. Highs 


“Highs” or “anticylones" are areas in which the air pressure is higher 
than surrounding areas (as shown in Figure 1-1). Under the control of 
high atmospheric pressure, the sky is generally clear or has few clouds. 
The wind force is weak, the relative humidity drops, and, in spring, 
freezing frost will occur. 


4 (R) 
/ 





Figure 1-1 Figure 1-2 
High Atmospheric Pressure High Pressure Ridge 
H = High R = Ridge line 
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High pressure ridge: A high pressure ridge is a high pressure air mass 
in which air from the higher pressure area flows down and disperses 
toward one side or both sides, just like a mountain ridge (Figure 1-2). 
Under the control of high pressure ridges, the weather is generally 
clear and stable with little changes. 


The central axial line in a high pressure ridge is called a ridge line. 


Highs and high pressure ridges can be classified according to their air 
properties: cold highs, variable cold highs, subtropical highs and 
subtropical high pressure ridges. 


(1) Ground surface cold highs (also known as cold air) are dry cold air 
masses from the north. The air pressure is very high, and when the cold 
air moves southward, it often brings relatively strong northern winds, 
and very cold and dry weather. Commonly seen in winter and spring. 


(2) Variable cold highs are dry, cold air masses from the north wi.ich 
are affected by the southern warm air when they reach the south. The 
temperature rises and the humidity increases, causing the properties of 
the air masses to change. 


(3) Subtropical highs (or ridges) are high pressure warm air masses 
in the South China Sea which shift northward and expand westward or 
outward from the Pacific Ocean. When the subtropical highs are stable 
and in dominant position, the weather is clear and hot; when the edges 
of the subtropical highs are in control, mostly showers occur. 


High pressure belts: The highs are spread out in the form of belts which 
cover very wide areas. Quite often there are more than two high pressure 
centers which are arranged orderly in what is known as high pressure 
belts (Figure 1-3). 


1010 











Figure 1-3. High Pressure Belt Figure 1-4. Depression 
H = High L = Low 
Vv. Lows 


"Lows" or “cyclones” are areas in which the air pressure is lower than 
surrounding areas (Figure 1-4). As there is a depression in which the 
pressure is low, the surrounding air flows into the low center, thus 
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producing an updraft which carries the warm wet air to the upper atmos- 
phere giving rise to clouds and rain. In areas controlled by the lows, 
dark rainy weather often occurs, and the wind is relatively strong. 


Low trough: When there is no distinct low center in a relatively low 
pressure air mass, a comparatively low depression area forms in the 
center like a river (as shown in Figure 1-5). This i. known as a low 
trough, and the central axial line is called a trough line. 


Latitudinal trough: A depression area whose trough line runs from east 
to west. It can last a long period of time, and often occurs in Siberia, 
Mongolia and our country's Xinjiang [Autonomous] Region. Cold air 
accumulates inside the latitudinal trough, and a small body of cold air 
separates from the accumuiated cold air, moves south, and passes through 
the Hexi Corridor into Huai River or the middle, lower reaches of the 
Chang Jiang [River]. Cloudy and rainy weather resulting from the lati- 
tudinal trough can last a long period of time. 








(TL) 
a 
i 
iA 
} 
i 
i Af 
i 
i 
Figure 1-5. Low Trough Figure 1-6. Shear Line 
TL = Trough line H = High 
SL = Shear line 
E = Easterly wind 
W = Westerly wind 
I = Isobar 


Shear line: A shear line is the boundary surface between winds of two 
different directions (Figure 1-6). If a shear line is found within a 
low trough, it is called a trough line. 


The weather is mostly bad in the vicinity of the trough line and shear 
line. There is frequent precipitation. For example, the shear line 
running through the Chang Jiang and Huai River regions is called Jiang- 
huai Shear Line as it is the principal precipitation system of the Chang 
Jiang-Huai River Region. Each June and July, there is a long continuous 
period of clouds and rain in this area. As this is the season when the 
plums ripen, it is also called “plum rain.” 
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Inverted trough: In the southwestern area of our courtry, when the north 
cold air activity decreases, or the southward high pressure shifts toward 
the east and iato the sea, the southwestern warm and wet air current 
starts to move, the atmospheric pressure falls and produces a low trough 
expanding toward the northeast. As it is opposite to most troughs which 
develop from the NE to the SW, it is called an inverted trough. Southerly 
winds prevail ahead of the trough, often with precipitation in the form 
of shovers. 


Dry trough: When the air moves from the Loess Plateau over the Taihang 
Mountains and downward, it will cause the atmospheric pressure of the 
North China Plain to drop. If tne high pressure gains control over the 
areas south of Chang Jiang [River], a low trough will thus form over the 
North China Plain. This trough is forced to sink downward by the air 
moving in from the west. As the weather is generally clear, the tempera- 
ture is high and the air is dry. This type of system is called a dry 
trough. Due to the enormous evaporation in the dry trough area, if the 
wind becomec strong, it will form into an arid wind, which is bac for 
wheat crops in the filling stage. 


VI. Uniform Pressure Zone, Isoberic Surface, Contour Line and Isobar 


Uniform pressure [?air mase|] zone: This is the zone in which the atmos- 
pheric pressure is relatively uniform throughout a comparatively extensive 
area. In large uniform pressure tones, there are no distinct high or low 
pressure centers. Generally, there cre cloud systems in the sky, but no 
precipitation. 


Isobaric surface: It is a surface on which the air pressure is equal. 
It is a curved surface, and the altitude of the surface changes up and 
down. 


Contour line: Contour lines are lines which connect points of equal 
elevation on an isobaric surface. A 700 millibar isoberic surface is 
approximately 3,000 meters above the ground; a 500 millibar isobaric 
surface is about 5,500 meters above the ground. So weather situation 
broadcasts often refer to the uppei' atmosphere of 3,000 meters and 
5,500 meters. 


Isobar: On a surface weather map, isobars are lines which link up the 
various points of equal atmospheric pressure. Like contour lines, 
isobars are also curved, and some are closed curves. 


VII. Setting Up Meteorological Observation Sites and Simple Short-Range 
Weather Forecasting 


1. Selection of site: The observation site must be in a flat open 


field. Places which have slopes, depressions, or with forests and tall 
buildings in the vicinity are not suitable for setting up an observation 
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site. The buildings of such posts and stations must be built on the 
north side of the observation site. The size of the observation site 
depends on the job and the instruments. The ground site must be leveled. 
There should be no holes, ditches or bumps on the ground. For protec- 
tion of the equipment, the site should be surrounded by a white wooden 
fence or other substitutes. The height of the fence should be approxi- 
mately 1.2 meters. The natural conditions of the ground shoul be pre- 
served within the site. In grassland areas, the grass within the site 
should be mowed and not allowed to grow too high as tall grass affects 
the accuracy of observation. Small paths should be built on the site, 
and walking is permitted only along the paths. The paths should be 
0.4-0.6 meters wide, and the center of the paths should be slightly 
raised so as to avoid water collecting on the paths. 


2. Instrument layout in the observation site: The instruments should be 
placed such that they will not interfere with each other. For working 
convenience, taller instruments should be placed on the north side of the 
site, and lower instruments should be placed in order on the south side 
of the site. They should be arranged in rows from east to west. The 
entrance of the site should not be on the south side. It is best to put 
the entrance on the north side, or at the east or west sides. The instru- 
ments should be placed close to the south side of the east-to-west paths 
so that the observatory workers can approach the instruments from the 
north. For reference, the layout of instruments in the observation site 
is shown in Figure 1-7. 
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Heavy-type anemometer 

Light-type anemometer 

Silver thaw [or glaze] 

gage 

4. Reserved space 

5. Shelter for automatic 
recording instruments 

6. Shelter for thermometer 

7. Spare shelter 

8. Evaporation pans 
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9. Evaporation pans 

10. Raingage bucket 

ll. Udometer 

12. Sunshine recorder 

13. Site for curved tubular 
ground thermometers 

14. Site for straight tubular 
ground thermometers 

H1l-7 25x25 AMSKHEROSE 15. Frozen soil instrument 


Figure 1-7. Diagram of Instrument Layout on an Observation Site. 
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3. Ways of making simple short-range weather forecasts: 


(1) Tune into weather forecasts from meteorological observatories and 
stations regularly: In order to find the relationship between develop- 
ments in the large-scale weather situation and local weather changes, it 
is necessary to tune into the weather forecasts and weather prognostics 
from provincial (regional) meteorological observatories. Record the 
information, and plot the position of rain areas, cold fronts, trough 
lines, shear lines, highs and lows on simple weather charts. By conm- 
paring each of the recent weather charts against each other, find the 
direction of movement, speed and intensity variation of all the weather 
systems. Analyze possible influences on the local weather, get a com- 
plete grasp of the local weather situation so as to provide a certain 
basis for predicting the future weather. In addition, the results of 
actual observations should be used to check the accuracy of forecasts. 
Data should be continuously accumulated, and efforts should be made tw 
find the laws of weather changes. 


(2) Amalyze records of observation: Historical information is the 
objective reflection of local weather and climatic changes. Besides 
receiving weather forecasts and weather prognostics given by provincial 
(regional) and neighboring meteorological observatories and stations, it 
is also necessary to refer to the meteorological data obtained from 
regular local daily observations. Look for the general laws as well as 
particular laws governing the changes of various weather systems so as 
to find certain criteria for forecasting local weather. For example, 
under normal circumstances, the diurnal temperature variations start 
from a low in the morning, to a high at noon, and down to a low again 
in the evening. If this pattern of variation is broken, it means that 
the weather has become abnormal. When the temperature rises to the 
highest value ever recorded in history, and drops to the lowest in 
history, it may be predicting that a trensformation is about to take 
place. When there is a 1 degree difference between the dry and wet 
bulbs, it indicates that the air humidity is on the increase and rain 
may be predicted. Through combined analysis of various aspects, it is 
possible to determine the criteria needed for forecasting various types 
of weather, i.e., the premonitory signs of certain types of approaching 
weather are used to supplement the forecasts from provincial (regional) 
and neighboring observatories or stations, and alsc used as a basis for 
corrections. 


(3) Refer to prove: * ather, phenology, and application of weather 
lores: On the basic ~ « Ser forecasts and analysis of historical 
data, in order to obtain 11 details on actual weather developments in 
the local area, and to anaiyze future weather development trends, it is 
necessary to observe the various types of weather and phenological 
reaction under different weather conditions. In weather changes, it is 
possible to observe the development, density and layers of clouds, as 
well as chaotic changes in cloud direction, and the time and direction 
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of the appearance of different cloud conditicas. It is also possible to 
observe the scintillation of stars, the colors of the sun and moon, the 
sky condition, and the colors of halos. When the weather is stuffy, dry, 
wet or cold, we can feel it with our sensory organs. All this will add 
further information to our weather forecasting work. Besides, the degree 
of visibility is also another means of determining weather changes. When 
there is a lot of vapor and dust in the air, visibility decreases, which 
could be an indication of a change to bad veather. From observations on 
phenological reactions, such as ants moving soil from out of their holes 
in summer, it is possible to forecast rainy weather in the immediate 
future. In summer, before a rainstorm occurs, the weather is hot and 
muggy, and one can witness the rare phenomenon of sparrows bathing in 
water. Some plants and objects also react in their own particular ways 
to different weather conditions, and close observation helps to obtain 
more and accurate information for weather forecasting. 


Through many years of practical production work, the broad masses of 
people in many parts of our country have developed lots of weather maxins 
which are useful references to weather forecasting work. However, in 
applying these weather proverbs, stress should be put on those from local 
and neighboring places which follow certain laws. They must be tested 
through repeated practice, careful analysis and study. They must be 
applied with flexibility and not mechanically. Attention must be given 
to the seasonal characteristics, locality and scientific validity of 
weather proverbs. 


Supplement: Weather Proverbs 
Predicting Clear or Rainy Weather: 


(1) “Dews come with clear sky." “When you see a lot of stars that make 
your eyes blink, there won't be many clear nights.” “Heavy frosts are 
followed by clear weather.” 


(2) “When carp-shaped spots apoear in the sky, there is no need to turn 
over the sunning grain.” 


(3) “When spiders spread their web, the day is clear." “When echoes 
ring aloud in open mountains, the weather is clear and refreshing.” 


(4) "When hook-like clouds are in the sky, there will be 3 days of rain.” 
"When sun emerges from black clouds, don't worry about rain tonight.” 


(5) “When dragon-flies circle the sky thousands of times, it will be 
rainy and cloudy for at most 3 days.” “When ants start to migrate from 
their homes, there is sure to be a big flood.” 


(6) “When there are swallows lying on the ground, snakes on the roads, 
and ants moving out of their homes, the mountain will put on a cap.” 
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(7) “When smoke coesn't rise out of the chimmey, it must be a cloudy 
day.” 


Wiod Prediction: 


(1) "When fog eats up frost, the wind is coming.” “When fogs come and 
go, the fogs will bring wind.” 


(2) “Strong winds are afraid of sunset. If the wind doesn't stop at 
sunset, there is certain to be 4 storm.” “When the ears ring at dawn, 
a big wind is approaching.” 


Cold and Hot Weather Prediction: 

(1) “If the summer solstice isn't hot, the winter isn't cold.” “A warm 
autumn means little snow in winter, a cold autumm means a snowy winter.” 
“Heavy frost in autum means heavy snow in winter.” “If the first nine 
Gays (of winter) are hot, snow will follow the ninth day." 

(2) “If the spring cold isn't cold and the Waking Insect (period) is 


cold, it will be cold threughout the half year." “If ice doesn't freeze 
before winter starts, it will be bitter cold during winter.” 


(3) “If south winds are hot and north winds are cold, there is little 
wind on summer nights, and the days will be hot.” 


Seasons 

I. The 24 Solar Terms 

1. The 24 Solar Terms and Solar Calendar Dste Cross Reference Table 
[Terms listed are taken from A CHINESE-ENGLISH DICTIONARY Beijing, July 


1978, p 976. Terms in brackets are taken from MATHEW'S CHINESE-ENGLISH 
DICTIONARY, Harvard, 1956, p 1178.) 


Solar terms _Meaths _ —_Dates _ 

(1) Beginning of Spring February 4th or 5th 
[Spring begins) 

(2) Rain Water February 19th or 20th 
[The rains) 

(3) Waking of Insects March Sth or 6th 
[Excited insects) 

(4) Spring Equinox March 20th or 21st 
[Vernal Equinox] 

(5) Pure Brightness April Sth or 6th 


[Clear and bright] 
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Solar terms Months Dates 
(6) Grain Rain April 20th or 21st 
[Grain rains] 
- (7) Beginning of Summer May 5th or 6th 
[Summer begins] 
(8) Grain Full May 2ist or 22d 
[Grain fills] 
(9) Grain in Ear June 5th or 6th 
[Grain in ear] 
(10) Summer Solstice June 21st or 22d 
[Summer Solstice] 
(11) Slight Heat July 7th or 8th 
[Slight heat] 
(12) Great Heat July 23d or 24th 
[Great heat] 
(13) Beginning of Autumn August 7th or 8th 
[Autumn begins] 
(14) Limit of Heat August 23d or 24th 
[Stopping of heat] 
(15) White Dew September 8th or 9th 
[White dews] 
(16) Autumnal Equinox September 23d or 24th 
{Autumn Equinox] 
(17) Cold Dew October 8th or 9th 
[Cold dew] 
(18) Frost's Descent October 23d or 24th 
{Hoar frost falls] 
(19) Beginning of Winter November Sth or 6th 
[Winter begins] 
(20) Slight Snow November 22d or 23d 
[Light snow] 
(21) Great Snow December 7th or 8th 
[Heavy snow] 
(22) Winter Solstice December 2Zlst or 22d 
(Winter Solstice] 
(23) Slight Cold January 7th or 8th 
[Slight cold] 
(24) Great Cold January 2Gth or 2lst 
[Cold] 


2. Songs for the 24 Solar Terms 


(1) The spring rain awakens spring to clear days, 
Dew comes in autumn and hoar frost falls on cold autumn days, 
There are two solar terms in a month and the days are set at 
The 6th and 2lst in the first half of the year, 
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Summer waxes and grains are linked to summer heat, 

Winter snow in snowy winter with slight and severe cold days, 
At most only one or two days are lost, 

So it is the 8th and 23d in the second half of the year. 


(2) Slight cold and severe cold begin in January, 
Vernal equinox, clear and bright, grain rain summer, 
Slight heat, great heat followed by the beginning of autum, 
Hoar frost falls, winter begins, light and heavy snow, 


At beginning of spring the rain awakens the insects, 
Grains fill, grain in ear, and summer solstice day, 
Heat stops, white dew, autumn equinox, cold, 

Winter 9 days before the solar calendar new year. 





II. Division of Seasons in Astronomy 
(1) Division of Seasons Based on Seasonal Astronomical Factors: 


lst Season (spring) Spring begins--Summer begins 91 days; 
2d Season (summer) Summer begins--Autumm begins 94 days; 
3¢ Season (autumn) Autumn begins--Winter begins 92 days; 
4th Season (winter) Winter begins--Spring begins 88 days 


(2) Civision of Seasons According to Months: 


ist Season (spring) March, April, May 92 days; 
2d Season (summer) June, July, August 92 days; 
3d Season (autumn) September, October, November 91 days; 
4th Season (winter) December, January, February 90 days 


Ili. Division of Seasons According to Climate 


Division of Seasons According to Climatic Mean Temperature Index (climatic 
mean of 5 days): 


Winter climatic mean temperature < 10°C; 
Spring climatic mean temperature > 10°C, but < 22°C; 
Summer climatic mean temperature > 22°C; 
Autumn climatic mean temperature < 22°C, but > 10°C 
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IV. 


Classification of Climatic Mean Atmospheric Temperatures 
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Winter 

(1) Extremely cold 
(2) Intensely cold (a) Exceptionally cold 
(3) Severely cold 

(4) Great cold (b) Deep cold 
(5) Slight cold 

(6) Fairly cold 

(7) Little cold 

(3) Chilly 

Spring and Autumn 

(1) Cool 

(2) Slightly cool 

(3) Mild 

(4) Slightly mild 

(5) Mild warm 

(6) Warm 

Summer 

(1) Hot 

(2) Blazing hot 

(3) Intensely hot 

(4) Scorching hot 

(5) Exceptionally hot 
(6) Extremely hot 


35 





























Main Protection Against Inclement Weather 
I. Cold Wave 


Cold waves are intruding cold air [masses] from Siberia. The temperature 
drops drastically by 10°C within 24 hours, and the lowest temperature 
falls below 5°C. These waves of cold air invasions are called cold waves. 


As cold waves are strong torrents of cold air, they often bring severe 
cold weather to the invaded areas, such as strong winds, rain and snow, 
morning and evening fronts, as well as freezing weather. 


The following measures are taken to protect agriculture production. In 
areas near cities where vegetables are grown, wind shelters, hot beds, 
cold beds, plastic sheets or grass covers, low ditch plantings as well 
as soil pressing and earthern banks are generally used for protection 
against the cold and to retain the heat. In order to protect early rice 
crops against cold waves, such methods as wind shelters and plastic 
sheets are often used. In order to avoid cold waves, open area crops 
are often planted immediately after a cold spell and at the beginning of 
a warm interval so that the seedlings can be protected by low water 
flooding before the cold wave strikes the true leaves from the sprouting 
seedlings. Such measures as compacting the soil in wheat fields, and 
adding earthern banks to winter rape [fields! can help fight the cold 
and preserve heat. In irrigated winter wheat fields, protection against 
cold waves and low temperatures, and minimizing freeze injuries can be 
achieved to a certain degree by using furrow planting techniques, snow 
piling, and watering the crops at appropriate moments. 





II. Freezing Frost 


When the temperature rapidly drops and exceeds the maximum cold 
resistance of farm crops, the crops are injured by the phenomenon known 
as freezing frost. Generally, prevention against freezing frost can be 
achieved by cutting down heat dispersion near the ground surface at night, 
and by raising the temperature of the soil and the temperature near the 
soil surface. Commonly used methods are: 


Fumigation: As the air temperature drops to 1-2°C above the critical 
temperature of freezing frost injury, such fuels as stalks, tree leaves 
and grass are ignited when the right wind direction comes and allowed to 
slowly burn so as to cover the ground surface with smoke, thus reducing 
radiation cooling and raising the surface temperature by 1-2°C. The 
fumes should cover the fields evenly, and the density should be greater 
upwind. This way, the fumes will have better control of the entire field. 
Another effective freezing frost prevention measure is burning red phos- 
phorus and other types of chemicals to create smokescreens in the field. 











Cover: By covering small vegetable plots with ashes, or rice and wheat 
husks, or large plant leaves, old newspapers and other types of covering 
materials, ground surface heat dispersion can be reduced, and the 
temperature of the ground surface and crops can be raised by 1-2°C. 
Wilting caused by sudden high temperature increases in the plants after 
frost-freeze passes can be avoided this way. 


Flooding: Flooding early rice fields is one effective measure against 
night freezing frost. On freezing frost nights, the fields are flooded 
with water so that only the tips of the rice shoots are exposed at the 
surface of the water. The bed temperature is thus 2-3°C higher than 
before flooding. Moreover, deep flooding can increase the humidity of 
the air near the ground surface, which helps to slow down the tempera- 
ture drop. Watering techniques can also be applied to vegetable plots. 
It not only helps to retain the ground temperature, but also moistens the 
soil, which helps transfer the heat from the bottom soil layer to the 
surface. 


In addition, there are also a number of combined techniques for preven- 
tion and protection against freezing frosts, such as composting, pressing, 
selecting cold resistant crop varieties, proper timing of planting to 
avoid freezing frosts, and intensifying field management after freezing 
frosts. 


III. Drought 


There are two types of droughts. One is caused by long periods of very 
little rainfall, high air temperature and enormous evaporation. The 
water in the scil cannot support crop growth, thus giving rise to soil 
drought which occurs both in the northern and southern parts of our 
country. The other type of drought is caused by high temperature, strong 
winds, very low relative humidity and very arid air. Although there is 
no drastic shortage of water in the soil, the crops cannot absorb enough 
water to make up for the loss of water by their own transpiration, thus 
causing such symptoms as blight and wilting. This is commonly known as 
“drought wind." Continental climatic areas are susceptible to “arid 
winds." 


The main way to fight droughts is by building farmland water conservation 
[projects] and developing irrigation systems suitable to local conditions. 
Besides, such measures as deep plowing, fertilization, soil improvement 
and cultivating "sponge fields,” soil moisture preservation as well as 
earth pressing and covering are all effective means for preventing and 
fighting droughts. 


IV. Storm 


Coastal areas are open to typhoons and inland areas are also easily 
affected by storms. As a precaution against wind disaster, due attention 
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must be given to weather forecasts. When a typhoon is forecast in the 
coastal and sea areas, prevention must be taken beforehand, such as 
building protecting water dikes. The water level of reservoirs, mountain 
pools and inland rivers should be lowered. In order to prevent crops 
from drowning, ample drainage should be provided for by digging ditches 
in the ground. Manpower must be organized to gather in ripened crops 
as soon as possible. Tall stem crops can be tied together in shocks to 
keep from being blown over. Vegetable crops which grow on supporting 
frames should be protected by reinforcing the frames. In inland areas, 
the main preventive measure is to build tree belts and sand control 
forests for farmlands in a planned way. 


V. Waterlogging 


There are two types of waterlogging. One is the result of long rainy 
periods which cause rivers to rapidly overflow and flood nearby fields. 

In the second case, although the rainfalls do not last long, the intensity 
is so great that the soil cannot absorb all the rain water at oncc, and 
the accumulated water cannot be drained off causing the accumulated water 
in depressions to overflow and develop into waterlogging. 


The following measures are commonly used against waterlogging and to 
prevent it from happening. Reinforce dikes along rivers, pools and 
reservoirs. Build overflow installations in reservoirs. Improve water- 
logging depressions. Dig drainage ditches in fields. Mechanical drain- 
age stations should be constructed in poor drainage areas to enable 
complete drainage of accumulated water within 24 hours. Step up field 
management after waterlogging is overcome. 


VI. Hail 


Hailstones are large and small chunks of ice that fall from clouds, often 
bring disaster with them. In hail areas, hail paths follow a certain 
pattern. 


The use of indigenous fireworks or indigenous rockets to eliminate hail- 
stones is the chief means of prevention against hail. After a hailfall, 
proper field management must be promptly given to lightly hit areas. In 
hard hit areas, a quick switchover to early ripening crops must be made. 
In areas frequently hit by hail during the late growth period, measures 

should be taken to increase the area of corn fields, and reduce the area 
of rice fields which are easily struck by disaster. 
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CHAPTER 2: SOILS 


Types of Agricultural Soils in China 


I. Dry Crop Soils 
1. Ortho Black Soil 


Regions of distribution: Black soil, found mainly south of Xiao Xingan 
Range [Lesser Khingan Range] and east of the Changbai Mountains in the 
Sungjiang-Nenjiang Plain and the vast rolling hills, north of Gongzhu 
Range in Jilin and extending northward to the Nenjiang Prefecture and 
Aihui County and Hulunbaier League, developed under forest and grassland 
vegetation and matured through cultivation from black soil and meadow 
bliack soil. 


Major agricultural properties: The black soil layer is between 30 and 50 
centimeters thick or more. Its organic content is 3 to 5 percent and its 
effective and potential fertility is high. The soil structure is strong 
and water and fertilizer retention is high. Since this type of soil is 
found mostly in plateaus, mechanized farming is possible. Suitable crops 
include soybeans, spring wheat, millet, gaoliang, corn, sugar beets, flax, 
potatoes and sunflowers. The soil's texture is relatively clayey. The 
temperature of the bottom layer is low. Seedlings planted below mid- 
slope sometimes do not grow in spring because of the low temperature of 
the soil. 


2. Warm Black Soil (huo xing [3499 1840] black soil) 


Regions of distribution: Ordinary black soil, found in western 
Heilongjiang's Nenjiang Plain, Hulunbaier League, western Jilin's Nongan, 
Huaide, Qianguoerluosi and Da'an counties, developed and matured through 
cultivation from natural chernozem and meadow chernozen. 


Major agricultural properties: Most of the soil is gritty, warm and 

fertile, although its fertility is not as lasting as black soil. Crops 
sprout fast and grow well without ‘premature wilting. The soil is loose 
enough for easy plowing, weeding and banking, but retains water poorly. 
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Dryness often occurs prior to the crop's growth stage. The soil is 
suitable for grain crops. Soybean crops planted in this soil often 
suffer from a deficiency of water during flowering, resulting in poor 
growth. 


3. Marshy Black Soil (er wa [0059 3173] black soil) 


Regions of distribution: Marshy black soil, found in marshlands between 
river valleys and rolling hills in Heilongjiang and Jilin, developed and 
matured through reclamation from dark meadow soil, gleyed meadow soil, 
meadow baijiang soil (Meadow Planso)) and gleyed meadow baijiang soil. 





Major agricultural properties: This soil is potentially fertile but 
freezes severely in spring. The soil‘s nutrients are converted slowly. 
Seeds do not grow in this soil. In particular, millet and sorghum seed- 
lings often "develop rust." After plowing under, the soil teaperature 
rises. Nutrients become plentiful but plants remain green or lodge. 

The soil is suited for soybeans, corn, wheat and tydrophytic and 
eutrophic crops. 


-4, Warm Gray Sandy Soil (huo xing [3499 1840] gray sandy soil) 


Regions of distribution: Ordinary gray sandy soil, found mainly in 
western Heilongjiang and Jilin, is the major type of soil for dry crops 
where agriculture is predominant. Its natural soil before reclamation 
is sierozem (or called meadow carbonate chernozem and dark meadow 
chestnut soil). 


Major agricultural properties: The soil is gritty, contains a minimum of 
humus, retains water and fertilizers poorly, and its potential fertility 
is low. Plowing does not produce clods in the soii. Waterlogging does 
not occur after rain. Plowing, weeding and banking are easy. The soil 
defrosts early and is thus suitable for early sowing and early planting. 
The soil is warm, enabling seeds to sprout. In summer and autumn when 
fertilizers and water are abundant, plants grow fast and the crop matures 
early. The soil is structurally weak and does not resist dryness. 


5. Dark Loess 


Regions of distribution: Dark loess, widely found in Yanbian and Tonghua 
prefectures and Jilin Municipality in Jilin Province and Hejiang and 
Mudanjiang prefectures in Heilongjiang Province, covers low hilly 
regions, terrace tablelands in river valleys, rolling hills and gradual 
slopes of semimountainous areas. The soil developed and matured through 
reclamation from dark burozem and burozem type meadow baijiang soil 
(meadow planosol). 


Major agricultural properties: Before cultivation, the black soil layer 
is thin. The soil has little organic content. After cultivation, varying 
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degrees of leaching occur. The soil is less mature and its fertility is 
moderate or low. Organic fertilizers should be added to the soil. 
Measures should be taken to retain its water and soil content. 


6. Gray Loess 


Regions of distribution: Gray loess, mainly found in southern Zheliau 
League in Jilin, southern Zhaowuda League as well as Fuxin, Zhaoyang and 
Jianping counties in Liaoning, Hualai, Wei and Xuanhua counties, and 
Yangyuan and Guangling basins and the eastern end of Datong Sasin in 
northern Hebei and Shanxi, developed and matured through cultivation 
from chestnut drab soil and other natural soils. 


Major cultura) properties: Its surface layer is between 15 and 20 
centimeters thick. The soil has a 1 percent organic content. Its sub- 
soil contains an accumulation of carbonates. The soil texture is between 
sandy loam and clay loam. Water and fertilizer retention is poor. Wheat, 
corn, gaoliang and soybeans can be planted in this soil on gradual s}opes 
and fla:lands with good moisture conditions. Cotton can be grown in some 
regions in Liaoning. At higher elevations with poorer moisture condi- 
tions, millet, miscellaneous beans, potatoes and buckwheat can be suit- 
ably planted. 


7. Chestnut Loess 


Regions of distribution: Chestnut loess, found mainly in eastern and 
central Nei Monggol, the upland plains and basins between the mountains 
in northern Hebei and Shanxi, and also in the Tacheng Plain and Altai 
Mountains in Xinjiang, developed and matured through cultivation from 
dark chestnut soil and light chestnut soils. 


Major agricultural properties: The soil has a humus layer of from 20 to 
40 centimeters deep. It is granular or lumpy, often dry and deficient 
in water. Wind and water erosion hampers the soil's maturity. Soil 
ecidity ranges between pH 8.0 and pH 8.5. Major crops grown in this 
soil include wheat, panicum, millet, buckwheat, naked oats, potatoes, 
rape and sesame. 


8. Damp Chestnut Soil 


Regions of distribution: Damp chestnut soil, mainly found in Zhalute 
Banner in Jilin, Jining City, Xinghe, Zhuozi, Fengzhen, Wuchuan, Duolun 
Liangcheng counties and Chahaer Youyiqian Banner, Chahaer Youyizhong 
Banner, Chahaer Youyihou Banner, Siziwang Banner, Xianghuang Banner and 
Taipusi Banner in Nei Monggol, and a belt north of Zhangjiakou in Hebei, 
developed and matured through cultivation from the meadow soil and 
meadow chestnut soil of the chestnut soil region. 
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Major agricultural properties: The soil has a rich organic content. Its 
humus layer is 30 to 50 centimeters thick. The soil is loose and easily 
plowed, highly fertile but cold. Seedlings grow slowly in it. Suitable 
crops include spring wheat, corn, potatoes, naked oats, soybeans and 


gacliang. 
9. Aeolian Sandy Soil 


Regions of distribution: Aeolian sandy scil is mainly found along the 
Great Wall, in the arid and semiarid, windy 2nd sandy regions in Shaanxi, 
Gansu, Ningxia, Nei Monggol, Xinjiang, Qinghai, and western Liaoning, 
Jilin and Heilongjiang. 


Major agricultural properties: The soil is aeriferous, easily plowed 
and warm. Seedlings grow fast and crops mature early in it. Texture is 
gritty. The soil retains water poorly, does not resist dryness, has a 
low nutrient content and is susceptible to wind erosion. 


10. Li Soil [Yak] 


Regions of distribution: Li soil, found mainly in the mountainous regions 
of Wuxiaoling and Qilian Mountain in Gansu, Yingshan Mountain regions 

west of Jining in the Nei Monggol Autonomous Region and Yanshan Mountain 
regions in northern Hebei, developed and matured through cultivation from 
mountainous meadow soils. 


Major agricultural properties: Before cultivation, the soil has a rich 
organic content. Immediately after cultivation, the soil's texture 
becomes loose, aeriferous and cold. It contains plenty of nitrogen but 
little phosphorus. Stems and leaves of plants grown in this soil 
proliferate but seeds do not grow well. Many become empty seeds. The 
soil is suitable for cold and drought resistant crops with a short 
growth stage such as potatoes, naked barley, peas and rape. 





ll. Cheng Soil [Sedimental] 


Regions of distribution: Cheng soil is mainly found in Houtao Plain and 
Tumochuan Plain in Nei Monggol and Yingchuan and Zhongning plains in 
Ningxia within the irrigational areas of the Huang He, eastern Qinghai's 
Huang He valley, west bank of the Haomen River and the Hokuchuan Plateau 
at the upper reaches of the Huang He. Its matured mother soil consists 
of the sediments originating from the upper reaches of the Huang He. 


Major agricultural properties: The surface layer is uniformly medium or 
heavy loam containing 1 percent of organic ratter. Texture of the soil 
is loose. The soil retains water and is easily plowed. Under long 
periods of irrigation, the subsoil becomes solid clay. The soil remains 
moist. Its surface layer contains 0.1 to 0.2 percent of salt. Suitable 
crops include spring wheat, corn, paddy rice, sugar beets, soybeans and 
cereal grain. 
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12. Gray Plate Soil 


Regions of distribution: Gray plate soil is mainly found in the southern 
part of the Chuengor Basin in Xinjiang, in a belt from the Siguoshu Canal 
at the foot of the Tianshan Mountains in the west to Jitai in the east, 
and the western regions near Karamai, and the counties east of Jiuquan 

in the Hexi Corridor in Gansu. Before cultivation, the natural soil is 
gray brown desert soil. 


Major agricultural properties: Before cultivation, the surface contains 
a lot of carbonates but has little organic content. After cultivation, 
plowing, planting, irrigation and fertilization, a layer of arable soil 
15 to 25 centimeters thick is formed. Salinity in the surface layer is 
reduced. Portions of irrigated areas show irriyated silt deposits. The 
soil is suited for winter wheat, corn, gaoliang, cotton, sugar beets, 
rape and sesame. 


13. Irrigated Flat Brown Silt (Abbreviated as irrigated siit) 


Regions of distribution: Irrigated flat brown silt is mainly found in 
the alluvial plains as the result of floods, on gradual slopes and 
along river banks in the Tarim Basin in Xinjiang, and in Dunhuang, Anxi 
and Yu#en areas in Gansu. 


Major agricultural properties: This soil is formed year after year by 
sediments from floods. The soil layers become thicker each year and the 
soil layer down to 1 meter deep does not contain much salc. The soil is 
not porous. If organic fertilizers are insufficiently applied, the soil 
easily becomes a hard slab. 


14. Erchao Soil 


Regions of distribution: Erchao soil is found mainly in the Xinjiang 
Uighur Autonomous Region and on lake shores, inland river banke and 
delta areas in the Hexi Corridor in Gansu. 


Major agricultural properties: The soil is potentially fertile, damp and 
has a low temperature. Plants do not grow well during sprouting. Weeds 
grow easily. Crops remain green and mature late. Over-irrigation or 
poor drainage cause secondary salinization. Major suitable crops include 
wheat, corn, gaoliang, millet, cotton, sugar beets, rape and potatoes. 


15. Agricultural Soils in High Altitude Cold Valley Areas 
Regions of distribution: The regions include agricultural lands in the 


Yaluzangpu Valley and the northern valley of the Hengduan Mountain Range 
in Xizang. 
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Major agricultural properties: The soil is found in second and third 
grade terrace land near flumes and fan-shaped alluvial land. Over 60 
percent of this land is irrigated. Plowing c<pth is about 10 to 15 
centimeters deep. The texture of the soil is coarse and loose and soil 
structure is poor. Soil acidity is between pH 7.5 and pH 8.5. The major 
crop is naked barley while secondary crops ere peas, wheat and rape. 


16. Major Black Soil 
Regions of distribution: Major black soil, found mainly in the high, 


cold mountainous lands in Gansu, Qinghai and Xinjiang, developed and 
matured through reclamation from mountain meadow soils. 





Major agricultural properties: At first cultivation, the surface layer 
contains too much organic matter. The soil is loose and aeriferous and 
retains a lot of «cer. The activities of microorganisms are veak. 
Nutrients are not readily available in the soil, making it unsuicsble 

for crop growth. Usually burnt grass roots are used and summer ,iowing 
is done to hasten the soil's maturity. The soil contains plenty of 
nitrogen but little phosphorus, causing crops to remain green. The soil 
has a good structure, is easily plowed, does not form hard slabs and is 
not affected by drought. Suitable crops include naked barley, rape, oats 
and peas. At lower elevations and where the soil has matured more, spring 
wheat and potatoes can also be planted. In Gansu and Qinghai provinces, 
the cold, wet mountainous conditions are utilized to plant rhubarb and 
udo herbs. 


17. Ma Soil 


Regions of distribution: Ma soil is mainly found in low mountainous and 
hilly regions in Gansu and Qinghai. In Gansu the area is called “twice 
shaded regions” and in Qinghai it is called “shallow mountain brain 
regions” or “brainy semimountainous regions.” 


Major agricultural properties: The mature soil layer is usually 20 centi- 
meters thick. The surface soil has a rich organic content and the soil 
texture is loose and easily plowed. The soil retains moisture and 

resists drought well. Plowing under and exposing the soil to sunshine 

or rain after plowing are important. After autumn, the soil should be 
rake and smoothed to retain the water and soil. 


18. Yellow White Soil 


Regions of distribution: Yellow white soil, found mainly in Huining and 
Jingyuan counties north of Dingxi and in Lanchow in Gansu, and Minhe, 
Ledu, Xining, Huju, Datong, Huangyuan, Huangzhong, Hualong and Xunhua 
counties in Qinghai, developed and matured through cultivation mostly 
from sierozem and other natura. soils. 
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Major agricultural properties: The soil belongs mostly in the hilly 
regions and slopes of loess regions. The texture is loose and leaching 
is serious. The soil is less mature and its organic content is less 
than 1 percent. At present, drought is the major hindrance to higher 
yields. Major crops are spring wheat, panicum, millet, potatoes and 
miscellaneous beans. 


19. Heiluw Soil (Dark Loessial Soil) 


Regions of distribution: Heilu soil is the ancient dry crop soil of 
loess highlands in western China. It is mainly found in eastern Cansu, 
northern Wei River Piateau in Shaanxi, northwest Shanxi, southern Nel 
Monggol’s relatively flat alluvial loess regions and river tablelands. 


Major agricultural properties: The soil has a deep humus layer but ites 

humus content is not high. The soil contains plenty of potassium but 

lacks nitrogen and phosphorus. The soil is loose, easily plowed and 

re‘ °ins water. The activity of microorganisms is plentiful, which Is 

lw .p ul in decomposing organic matter. There are many suitable crops, 
vin .y wheat, panicum, beans and corn. 


2 Yellow Mian Soil 


Regions of distribution: This soil, found most extensively in the loess 
plateau, mainly in the hilly loess regions of northern Shaanxi, earters 
Gansu, western Shanxi and southern Ningxia, developed and matured 
through cultivation from loess. 


Major agricultural properties: The soil is deficient in nitrogen and 
organic matter but is rich in phosphorus and potassium. The soll leyer 
is deep, the texture is just right for planting and sowing is easy. The 
soil is warm. Fertilizers become immediately effective in it. Seedlings 
sprout easily but growth is slow. Leaching sust be prevented. Irrigated 
regions are suitable for wheat, corn and potatoes. Where water is defi 
cient, panicum is the main crop. 


21. Bron Loess 


Regions of distribution: The soil is found mainly in the gradual slopes 
of the rolling hille in the southern part of the Siping region in 
Liaoning and Jilin and the flat land fronting the mountains in countics 
on the Jiaodong Peninsula in Shandong. Before cultivation and maturity, 
its natural soil develops mostly into brown forest soil. 


Major agricultural properties: The soil layer is thick. The ploving 
layer which covers a heavier subsoil is loose. The soil retains water 
and fertilizers, does not have a clearly defined humus layer and is 
neutral or slightly acidic. The fertility of the soil is usually medium 
or higher. The soil is easily affected by spring drought. Major crops 
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are gacliang, corn, millet and soybeans. Some root crops, cotton and 
wheat are also planted in this soil. 


22. Brown Sandy Soil 


Regions of distribution: S5rown sandy soil, mainly found in the moun- 
tainous areas in Liaoning, Hebei and Shardong, developed and matured 
through cultivation mostiy from neutral or slightly acidic burozes. 
Some parts of the soil consists of neutral or slightly alkaline brown 
soil before reclamation. 


Major agricultural properties: The surface soil is brownish yellow in 
color. Its texture is loam, mixed with coarse sand and some gravel. The 
soil is dry and hot and it does not retain moisture. Water and nutrients 
are often deficient during the growth stages of crops. Major suitable 
crops include millet, peanuts, sweet potatoes, gaoliang and corn. The 
soil is also good for growing apple, pear, peach, persimmon, walnut and 
chestnut trees. 


23. Huanglu Soil (Yellow Loessial Soil) 


Regions of distribution: Huanglu soil is found mainly in Hebei, west 
of the Beijing-Guangzhou Railroad in Henan, plains and plateaus before 
the mountains along the Jiaoji Railroad in Shandong, basins between 
mountains and hilly slopes, anc second and third grade terrace lan‘ 
along the mid- and lower reaches of Shanxi's Fen River and Shaanxi's 
Wei River areas. 


Major agricultural properties: The soil is mature. The surface soil is 
loose. Organic matter decompose in abundance but there is little accum- 
lation of organic waterial. Soil acidity is between pi 7.5 and pH 8.5. 
Except for some irrigated flat lands, various degrees of leaching and 
seasonal drought occur. A wide variety of suitable crops can be planted 
in this soil, mainly cotton, wheat, corn, millet, root crops and gaoliang. 


24. Sedimental Loess 


Regions of distribution: Sedimental loess, found mainly in the plains 
of north China and the plains north of the Huai River, the plains along 
the lower reaches of Liao River in Liaoning, and plains of the Fen River 
valley, Hutuwo River valley and Zhang River valiey in Shanxi, developed 
and matured through cultivation from the accumulation of loess silt 
deposited by present-day river flows. 


Major agricultural properties: The soil has a deep silt layer, is rich 
in potassium but has a low content of nitrogen and phosphorus. Since it 
is found in flat lands with irrigation water sources, it is suitable for 
farm mechanization and water conservancy projects. However, the soil's 
drainage is poor and the underground water table is usuaily at 1.5 to 3 
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meters. Unbalanced irrigation and drainage will cause the soil to 
salinize. The soil regions constitute important winter wheat and cotton 
production regions of our nation today. 


25. Bleck Chao Soil (Black Cultivated Fluvi_genic Soil) 


Regions of distribution: Black chao soil is mainly found in the low flat 
plains north of the Huai River and the northern China plains and the 
plains along the lower reaches of the Liao River. 


Major agricultural properties: This soil is seriously affected by under- 
ground water. Waterlogging occurs during the rainy seasons. Although 
the soil has a potentially high fertility, it is cold. Seedlings planted 
in this soil often do not sprout. 


26. Yellow Jiang Soil (huang jiang 7806 0304) 


Regions of distribution: Yellow jiang soil, found in southern Gansu and 
southern Shaanxi in the west, southern Shandong, northern Anhui and 
northern Jiangsu in the east and northern Hubei and southern Hunan in 
the south, developed and matured through cultivation from leached drab 
soil. 


Major agricultural properties: The soil layer is deep and the texture is 
heavy. The soil contains little organic matter. The soil structure is 
poor and not easily plowed. Soil acidity is between pH 6.7 and pH 7.7. 
Winter wheat, corn, soybeans and sweet potatoes are planted in this soil. 


27. Yellow Gang Soil (huang gang 7806 0474) 


Regions of distribution: Yellow gang soil, found mainly in a belt along 
the hilly regions south of the Huai River to the Chang Jiang (River) in 
the three provinces of Anhui, Hubei and Jiangsu, developed and matured 
through cultivation from yellow drab soil and yellow burozem. 


Major agricultural properties: The soil is distributed over the upper 
slopes of hills and rolling hills. The soil texture is usually heavy and 
not easily plowed. The plowing layer is shallow and water seepage is 
poor. Fertilizers take effect slowly and seedlings do not sprout. How- 
ever, the soil retains fertility and is fertile during the crop's latter 
growth period. Suitable crops include wheat, sweet potatoes, corn, broad 
beans and sesame. Cotton can also be planted in highly matured soli. 
Yellow gang soil which is distributed over the slopes at the lower por~- 
tions of the hilly regions has a loose surface layer. The soil is warm 
and seedlings can sprout in it. The soil has better moisture retention 
and resistance against drought. Multiple plantings in this soil yield 
better results than in the same soil distributed over upland slopes. 
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28. Chao Sandy Mud Soil 


Regions of distribution: Chao sandy mud soil is mainly found in the Jiang 
and Han River plains in Hubei, the Dongting Lake plains and the banks 
along the lower Jiang River in Hunan, the banks of the lower Gan River 

and Poyang Lake plains in Jiangxi, end the plains along rivers in Jiangsu, 
Anhui, Zhejiang and Shanghai. The mother soil of matured chao sandy mud 
soil is river sediments. 


Major agricultural properties: The plowing layer is loose and porous with 
good drainage. The soil is damp, warm and strongly resistant to drought. 
Seedlings sprout fast and fertilizers are effective in this soil. Suit- 
able crops include cotton, wheat, broad beans, rape and jute. 


29. Yellow Mud Soil 





Regions of distribution: Yellow mud soil, found mainly in Guizhou and 
Sichuan and the mountainous areas of northeast Yunnan, western Hubei, 
western Hunan and northern Guangxi, developed and matured through culti- 
vation from yellow soil. 


Major agricultural properties: The soil's layer is deep and the con- 
sistence is firm. The texture is heavy. It is not easily plowed when 
dry and contains little immediately available nutrients. It retains 
water and fertilizers and sustains fertilization for the latter period 
of crop growth. However, growth during the sprouting stage is slow. 
Tillering is scarce but growth in the latter period is good. Suitable 
crops include corn, sweet potatoes, tobacco, tea as well as widely 
planted crops such as wheat, beans, rape, sesame, peanuts, cotton and 
many herbs. 





30. Purple Mud Soil 


Regions of distribution: Purple mud soil, found widely in mountainous 
and hilly regions of Sichuan, Yunnan, Guizhou, Hunan, Hubei, Jiangsi, 
Zhejiang, Anhui, Fujian, Taiwan, Guangdong and Guangxi, developed and 
matured through cultivation from the weathering of purple sand shale. 


Major agricultural properties: The soil structure is good. The soil is 
rich in phosphorus and potassium and its soil layer is usually thin 
except at the foot of slopes and hilly regions where the soil layer is 
thicker. Leaching is serious. The soil is strongly fertilizer tolerant 
and suitable for planting wheat, rape, sweet potatoes, broad beans, hemp, 
corn, cotton, sugar cane and many other crops. 


31. Black Aeriferous Soil (hei pao 7815 3133) 


Regions of distribution: Black aeriferous soil, mainly found in karst 
topographies of Guangxi, Guizhou, Yunnan, Sichuan and Guangdong, developed 











and matured through long cultivation from black limestone soil (Rendzina) 
and erosion in mountainous limestone regions. 


Major agricultural properties: In initial cultivation, the soil is rich 
in organic and mineral content, is easily plowed and has a good structure. 
The soil retains water and fertilizers and is warm. Leaching occurs at 
higher elevations and steeper slopes. The soil layer is thin and drought 
resistance is low. Most suitable crops are corn and bean crops. Other 
crops include wheat, gaoliang, rape, sugar cane, cotton and tobacco. 


32. Gray Aeriferous Soil 


Regions of distribution: Gray aeriferous soil, mainly found in the high 
altitude cold mountainous regions of Sichuan, Yunnan, Guizhou, and such 
mountainous areas as western Hubei, Dabq Mountains, Qinling and Jinhua 
in Zhejiang, developed and matured through cultivation from gray burozem 
or podzolic soils. 


Major agricultural properties: The plowing layer is shallow. The soil 
retains water and fertilizers poorly, is strongly acidic and infertile, 
and contains little nutrients. The surface soil is loose. The soil 
becomes sticky and hardens after rain. Suitable crops include potatoes, 
sugar beets, buckwheat, as well as herbs like rhubarb, coptis japonica, 
pearl barley and ginseng [of Shangdang Prefecture, Shanxi, known as dang 
seng (7825 0639]). 


33. Red Mud Soil 


Regions of distribution: Red mud soil, found mainly in the hilly regions 
of Jiangxi, Hunan, Fujian, Guangdong, Guangxi, Yunnan and Taiwan, developed 
and matured through cultivation from red soil and mountain red soil. 


Major agricultural properties: The soil is strongly acidic and contains 
little organic matter, nitrogen or phosphorus. The soil is heavy and 
hardens to form slabs. It is not easily plowed, and retains water and 
fertilizers poorly. The soil is not resistant to drought. Less mature 
red mud coil is suitable for peanuts, sweet potatoes, potatoes, rape and 
wood yams. More mature soil is suitable for corn, wheat, cotton and 
soybean crops. 


3%. Chi Soil [a red soil] 


Regions of distribution: Chi soil, mainly found in hilly tablelands of 
Hainan Island and the Leizhou Peninsula in Guangdong, hilly terrain of 
southern Guangxi and Yunnan, southeastern Fujian and southern Taiwan, 
developed and matured from latosol or latosol soils. 


Major agricultural properties: Humus and plant nutrients are few in this 
soil. The soil is strongly acidic with low fertility. It is not easily 
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plowed. In dry seasons the soil easily hardens and forms slabs. In 
rainy seasons the soil easily washes away. It is suitable for planting 
tropical economic crops and food crops such as dryland rice, wood yams, 
sweet potatoes and peanuts. 


35. Yellow Chao Sandy Mud Soil 


Regions of distribution: Yellow chao sandy mud soil is mainly found on 

the banks of major and medium rivers in southern China, alluvial terrace 
land in the lower reaches of these rivers, and poorly irrigated regions 

of river deltas. The regions of distribution of this type of soil con- 

stitute only a small percentage of the arable land. 


Major agricultural properties: The soil's mature layer is deep. The 
soil retains water and fertilizers well and is drought resistant. At 
night the incoming tides moisten the soil. The soil contains a lot of 
immediately available nutrients. Major crops are vegetables, peanuts, 
Sugar cane, jute and taro. 


36. River Silt 


Regions of distribution: This soil is found extensively along river 
banks along large and small rivers throughout China. It is a dry crop 
soil of recent formation from silt left by flooding. 


Major agricultural properties: The soil's natural fertility is high and 
water and fertilizer retention is strong. The soil is aeriferous, easily 
plowed, rich in immediately available nutrients and suitable for a wide 
range of crops, mostly high yielding food and economic crops. 


37. River Sand 


Regions of distribution: This soil, in newly formed alluvial and sandy 
regions along major and small rivers and river valleys throughout China, 
covers long continuous strips of land. 


Major agricultural properties: The soil contains little organic matter. 
It can be easily plowed. The texture of the soil is loose. Seeds sprout 
easily. The soil is hot and dry and seedlings grow fast in it. The soil 
can be plowed immediately after rain but seepage of water and ferti- 
lizers occurs. The soil contains few nutrients and is easily eroded by 
wind and often dries up. In some areas this soil is threatened by floods. 


38. Mountain Sandstone Soil 


Regions of distribution: Mountain sandstone soil is mainly found on the 
middie and upper slopes of hilly terrain and rocky mountain terrain. 
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Major agricultural properties: The soil layer is thin. The plowing layer 
and the bottom soil layer both contain a varying amount of gravel. Seri- 
ous seepage of water and fertilizers occur often. The soil dries up 
easily. Except for the soil at the bottom of slopes or in shady mountain 
areas, the soil is usually hot and dry. Nutrients are converted rapidly. 
Crops planted in this soil grow fast in the early growth stage but in the 
latter growth period loss of fertilization and leaching occur. The soil 
is usually suitable for miscellaneous pulses and food grains that are 
tolerant to poor soil and drought. When planting in this soil, water and 
soil retention measures should be taken. 


39. Bottom Wet Soil 


Regions of distribution: Bottom wet soil, mainly found in low flat marsh- 
lands in the northeast, northwest and northern regions of China, is formed 
from marsh meadow soils or meadow bog soils and peat improved by water and 
plowing. 





Major agricultural properties: The soil’s potential fertility is high 
but fertilization is slow. The soil is wet, cold and slurry. Seasonal 
waterlogging occurs. In years when waterlogging occurs, the harvest is 
uncertain. The soil is heavy and not easily plowed. In arid and semi- 
arid areas, bottom wet soil is often salinized which affects the seeds. 
If planting is not done on time, grasses die out and insect pests become 
rampant. Crops tolerant of dampness such as gaoliang and soybeans are 
suitable for this type of soil. 





40. Saline-Alkali Soil 


Regions of distribution: Saline-alkali soil is mainly found in the 
plains north of Huai River, the plains in north China, the western 
part of the plains of the Northeast, the coastal areas and the inland 
plains and basins in the Northwest. 


Major agricultural properties: The soil is cold, therefore, seeds do not 
sprout in it. The soil is easily affected by drought, waterlogging and 
persistent rain. Due to weather conditions this soil is suitable for 
saline tolerant cotton, gaoliang, sunflower and sugar beets and green 
manure crops that are saline resistant such as gweet clover and aifalfa. 


41. Vegetable Garden Soil 


Vegetable garden soil is the highly matured soil near cities and villages 
where vegetables have been planted for a long time. Usually the matured 
soil layer is deep. The soil contains a lot of humus and immediately 
available nutrients, retains water, fertilizers and temperature. It is 
easily plowed and suitable for vegetables. But in the 3 years it takes 
for dryland soil to mature while it is being transformed into vegetable 
garden soil, fertilizers must be completely assimilated by the soil. 
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During this >eriod, the soil is suitable for planting garlic, flat bean, 
eggplant and cucurbit vegetables. If Chinese cabbage is planted, the 
center becomes desiccated. 


Il. Paddy Rice Soils 


All soils in which paddy rice is planted are called paddy rice soils. 
All names for such soils are designated by the character "t'ien [3944 
field)" or "ni [3136 mud]" as ending to differentiate from dry crop 
soils. 


1. Sanxue Huangni Soil (Eel Blood Surface Submergic Southern Paddy Soil) 


Regions of distribution: Sanxue huangni soil is found in the plains of 
the river networks of the lower reaches of Chang Jiang [River] in Jiangsu, 
Zhejiang, Shanghai and Anhui. 


Major agricultural properties: Sanxue huangni soil retains wate:, ferti- 
lizers and temperature well and is aeriferous. It is a fertile paddy rice 
soil. Paddy rive planted in this soil sprouts early. The soil is suit- 
able for planting varieties that have a long growth stage, are fertilizer 
tolerant, and have high yield. Its bottom soil called Wusanqingzini soil 
{3527 2694 7230 4793 3136} has poor aeration and needs to be baked 
several times, plowed when dry and exposed to weathering. In winter 

when planting dry crops, proper drainage is important. A type of 
secondary soil called the Xiaofen [small powder) soil is found in 

higher elevations along river banks. Its texture is loose. Its ferti- 
lization effect is fast but fertilizer retention is weak. The soil 
easily becomes a sticky slurry or hardens into slabs. Transplanting is 
difficult. The transplanted seedling moves in the soil. 


2. Qingni Soil (Gleyed Middle Paddy Soil) 


Regiofis of distribution: Qingni soil, found mainly in low, damp regions 
near river and lakes of the lower reaches of the Chang Jiang [River], 
was formed from sediments of rivers and lakes as bog soil. After 
drainage, diking and plowing, the soil becomes arable. 


Major agricultural properties: The soil is cold and wet. Its texture is 
heavy and the soil layer is deep and thick. The bottom layer is soft and 
loose. Although the soil has a high potential fertility, it cannot be 
easily tapped. During the latter growth period of paddy rice, when the 
temperature rises, the fertility in the soil becomes effective. There is 
a secondary type of soil called the Oushuiqingni soil [3371 3055 7320 
3136] which is cold and mushy. Water converges throughout the year form- 
ing a deep mushy mud. Before drainage and improvement, usually only one 
crop of paddy rice can be planted and the yield is low. 
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3. Maganni Soil (Surface Submergic Middle Paddy Soil) 


Regions of distribution: Maganni soil is mainly found in the hilly regions 
along the Chang Jiang and Huai rivers in Jiangsu, Anhui, Hubei and Henan 
and the Central China Basin in Shaanxi. Most of the fields of this type 
of soil are mounded fields, alluvial fields or side fields. It developed 
and matured from yellow drab soil and yellow burozem planted to paddy 

rice. 


Major agricultural properties: Because of the difference in topography 
and soil texture, there are three secondary types with different agri- 
cultural properties: [1] Maganni soil found on the slopes of low hills 
and between uplands is sticky and retains water and fertilizers. How- 
ever, when soaking the field in spring, the soil does not easily turn 
into mud and thus making plowing difficult. [2] The white loose soil 
[baisanni] Asian type is often found alongside the Maganni soil. Due to 
long periods of irrigation by channeling water through furrows and due to 
washing by water spilling to the sides, its plowing layer consists mainly 
of pulverized gritty soil which can be plowed easily. Its fertilizing 
effect is fast and seeds sprout well but the soil easily becomes sticky 
and slurry or hardens into slabs, weakening the fertilizing effect during 
the latter growth stage. [3] The yellow sandy soil [huangshani] Asian 
type is mostly found on slopes at the foot of mountains. The soil tex- 
ture is sandy with poor retention of water and fertilizers. Its subsoil 
is shallow and sterile. 


é. Chaoshani Soil 


Regions of distribution: Chaoshani soil is found in the alluvial plains 
and river valleys in provinces on the middle and lower reaches of the 
Chang Jiang [River] and is especially concentrated on the Jiang-Han 
plains and the Chang Jiang [River] Delta. 


Major agricultural properties: The original soil is alluvia. Texture 
of the alluvia is mostly light soil [loam] or heavy soil [loam]. A tight 
and compact plow ran layer is formed under the plowing layer. The plow- 
ing layer is richer in organic content. Because the soil aerates well, 
fertilizers decompose fast and an application of fertilizers is effec- 
tive. Autumn seedlings green fast and tiller readily. When planting 
dry crops, a phenomenon called “night tides" of underground water gen- 
erally occurs, making this type of soil a high yield crop soil. 


5. Huangni Soil (Surface Submergic Southern Paddy Soil) 


Regions of distribution: Huangni soil is usually found in the vast 
mountainous regions in northeastern Yunnan, in Guizhou and Sichuan, 
northern Guangxi, western Hunan and western Hubei. Most of the regions 
are mountainous and gradual slope and terrace land. It is formed from 
yellow soil or dry crop yellow mud soils after being planted with paddy 
rice. 
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Major agricultural properties: Most of the soil is gumbo and not easily 
plowed. Dry plowing is mostly used but it is difficult to rake and 
harrow the soil finely. The soil is strongly acidic with little immedi- 
ately available nutrients. An early side dressing of fertilizers is 
needed. The soil retains water well but after a long drought the surface 
cracks. Drying the soil should be done appropriately. A secondary type 
is called Baisanni which is clayey, slippery and cold because of washing 
by underground water. The mature layer is shallow. Usually this soil 
retains fertilizers but its potential fertility is not easily utilized. 
In winter the soil is not plowed, dried nor planted. Instead water is 
brought into the field to soak it so that cracking due to dryness and 
leakage can be prevented. 


6. Zini Soil 


Regions of distribution: Zini [purple] soil is found mainly in the 
Sichuan Basin and Yunnan Plateau as well as in Hunan, Jiangxi, Zhe'iiang 
and Fujian. The soil developed from purplish soil which was planted to 
paddy rice. 


Major agricultural properties: The soil layer is deep and thick. The 
soil is composed proportionately of sand and mud and is well structured. 
It strongly retains water. After plowing, the soil can be easily wetted 
to become clay. The nutrient content is rich. The fertilizing etfect of 
the soil is fast but not overwhelming and lasts until the latter growth 
Stage. The soil is suitable for planting dry crops. 


7. Datu Chaoni Soil 


Regions of distribution: Datu chaoni soil is found in the Chengdu 
Plains in Sichuan and river valleys of the Yunnan Plateau. 


Major agricultural properties: Because of the geographical location, 
this type of soil has a plentiful water source. The soil is easily 
re-moistened. The soil layer is deep and rich in nutrients. The soil 
texture is not sandy nor clayey and can be easily plowed. It retains 
water and fertilizers. Rice seedlings green rapidly and tiller readily. 
The rate of panicle formation is high. A secondary type is the chaojia 
shani soil. The texture of this type of soil is loose and leakage is 
serious. The nutrient supply of the soil is shurt. Besides paddy rice, 
many dry crops can be planted in this soil. 


8. Hungni Soil 


Regions of distribution: Hungni [red] soil is found mainly in flat lands 
and river valley terrace lands in southern and central Yunnan. It 
developed from red soil or dry crop mud soil and alluvia on which paddy 
rice was grown. 
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Major agricultural properties: The soil layer is generally deep and 
thick. The surface soil is loose and easily plowed. The soil does net 
have a high content of organic matter. It is acidic and Jacks phosphorus. 
Because this soil is mostly found in the hilly tablelands near diked 
fields, it lacks irrigational water sources. The paddy rice depends on 
rain water and the yield is often unstable. Another secondary type of 
paddy rice soil is structurally tight and slab-like. The soil texture 

is heavy. The soil strongly retains fertilizers but cannot be easily 
plowed. Im the winter and spring because the soil loses water rapidly, 
the soil hardens to form slabs which is unsuitable for winter crops. 








9. Jifenni Soil 





Regions of distribution: Jifenni soil is a kind of paddy rice soil of 
high fertility in the flat diked fields of Yunnan. The soil is found in 
patc»es scattered throughout the region. Before plowing, thr soil is of 
clayey, heavy alluvial and bog soils. 


Major agricultural properties: The soil layer is deep and thick. The 
texture is slightly clayey. The soil can be easily plowed and is rich 
in nitrogen and phosphorus, but has little potassium. The soil is warm 
and has a fast fertilizing effect. A wide range of crops are suitable 
for planting in this soil, but it is better to select high yield and 
fertilizer tolerant paddy rice varieties. 


10. Heipaoni Soil 


Resions of distribution: Heipaoni soil is mainly found in small diked 
fields and small narrow valleys or at the foot of the limestone hilij 
regions in Guizhou and Guangsi. This type of soil is also found 
scattered in Sichuan, Hunan and Yunnan. 


Major agricultural properties: The soil is rich in organic matter and 
nutrients. Its fertilizing effect is fast but not overwhelming. The 
texture is that of medium to heavy loam. The soil is easily plowed. 
When it dries it does not form slabs nor harden and does not crack, 

and when vet it does not become sticky or slurry. Water permeability 
and retention are good. Many crops are suitable for planting. The soi! 
is a stable and high yield soil suitable for fertilizer tolerant paddy 
rice varieties. 


ll. Munghuangni Soil 


Regions of distribution: Hunghuangni [red-yellow] soil, found mainly 
south of the Chang Jiang [River], north of the Nanling and east of the 
Yunnan Plateau in the hilly red soil area, extensively in Jiangxi and 
Hunan, southern Zhejiang, northern Fujian, northern Guangdong, and 
northern Guangxi, developed from planting rice in red soil in natural 
soils or Hongni soil in dryland soils. 
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Major agricultural properties: The Wuhuangni soil which is highly 
matured has good aeration and water permeability. It retains water and 
fertilizers, is loose, soft and easily plowed. Its fertilizing effect 

is strong. Transplanted seedlings green fast and tiller readily. Most 
of the Hunghuangni soil contains little immediately available nutrients 
and effective phosphorus is especially deficient. Water permeability and 
aeration are poor. The texture of the soil is heavy and not easily 
plowed. The plowing layer is shallow and easily hardens to form siabs. 
After improvement, the soil’s increased yield potential is great. 





12. Wwuchaoni Soil 


Regions of distribution: Wuchaoni soil is mainly found in Hunan, Jiangxi, 
northern Guangdong, northern Fujian and southern Zhejiang. It is a paddy 
rice soil developed through cultivation from meadow type soils in river 
valley plains and basins. 


Major agricultural properties: The soil is found in well irrigai.d ilat 
lands. The soil layer is deep and thick. The texture is of an appro- 
priate mixture of sand and clay. The soil's basic fertility is high. 

it is suitable not only for planting double-crop rice but also for 
wheat, rape and green manure crops. A secondary type wuni soil is a 
highly matured chaoni soil type developed through long periods of 
cultivation and fertilization. 


13. Qiachongni Soil 


Regions of distribution: Qiaohongni soil is mainly found in southern 
portions of the three provinces of Guangdong, Guangxi and Fujian and on 
the gradual slopes and slope bottoms of hills in Taiwan. 


Major agricultural properties: The soil layer is thick but the matured 
plowing layer is shallow. The soil'’s body is tight. Its acidity and 
alkalinity are between pH 4.5 and pH 6.5. The soil lacks phosphorus. 
Texture of the soil is either too clayey or too sandy and not easily 
plowed. 


i4. Huangchaoni Soil 
Regions of distribution: Huangchaoni soil is mainly found in Guangdong, 


Guangxi and southern Fujian and near the western coastal estuaries of 
Taiwan. 


Major agricultural properties: The mother soil is alluvia of rivers. 
The soil is highly mature, fertile and easily moistened by returning 
tides. Wutrients decompose and accumulate fast in such soil. Usually 
double-crop rice can be planted. Winter crops can also be planted. 
Regions where this soil is constitute important grain and economic crop 
production bases. 














15. Youge Soil [Gleyed Southern Paddy Soil] 


Regions of distribution: Youge soil is mainly found in sandy diked fields 
in the Pearl River and the Han River deltas and the fields behind dams 
along Fujian’s coastal shores. 


Major agricultural properties: The soil layer is deep and thick and 
suitable for deep plowing but the soil is heavy and not easily plowed. 
Its potential fertility is high but because of poor aeration end cold- 
ness of the soil, sutrients decompose slowly and early rice greens late 
while in the latter growth stage the crops remain green. In the rainy 
season water accumulates inside the diked field. The yields for early 
rice are not stable. A secondary Xiansuantian type soil is strongly 
acidic and contains a certain amount of salt, tanin and sulfur chemical 
compounds which are poisonous to paddy rice. It is often difficult to 
preserve and protect seedlings in the soil. The soil can be improved 
by irrigation to wash away the salt and acidity and by app’y!ng alkaline 
and organic fertilizers. 


16. Lengjintian Soil [Cold Spring Paddy Soii] 


Regions of distribution: Lengjintian soil is mainly found in provinces 
south of the Chang Jiang [River] in mountainous areas and hilly valleys. 
It is a cold soil. 


Major agricultural properties: Yashini soil is a secondary type found 
mainly in alluvial fields and ridged fields in hilly valley areas. 
Aeration and drainage are poor. The soil's structure is also poor and 

it does not easily become mud. After plowing, a lot of clay lumps 

which are wet outside and dry inside are left. The soil does not mix 
with water. Since the soil is cold, rice seedlings stagnate. Ditches 
must be dug for drainage. The field must be shallowly irrigated and 
baked. Thermal fertilizers must be applied to improve the soil. Another 
type of lengjirtian soil, found mainly at the bottom of mountain valleys, . 
is mostly in miry fields. The soil is soaked with cold water which lowers 
the soil's temperature. The flow of cold water into the fields must be 
cut off te raise the soil’s temperature and improve the soil. 


17. Shatu Soil 


Regions of distribution: Shatu |sandy] soil is distributed throughout 
China on river banks, at the bottom of slopes of hills in mountainous 
regions, along the sides of mountain streams at the bottom of valleys 
and the shores of lakes and oceans. 


Major agricultural properties: Shatu soil does not retain water, ferti- 
lizers or temperature. It lacks organic material and is defictent in 

immediately available nutrients. It is easily threatened by floods and 
drought during the dry season. Paddy rice planted in sandy soll greens 
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fast but does not tiller a lot. Young seedlings will grow but older seed- 
lings will not. The soil is suited for dryland crops and paddy rice 
rotation which can improve the soil. 


18. Shuitianyanxian Soil 


Regions of distribution: Shuitianyanxian [paddy salt and alkali] soil is 
mainly found in the eastern coastal regions and as fragwented areas in the 
inland areas of the Northeast, North China and the Northwest. 


Major agricultu::’ properties: Coastal yanxian [salt alkali] soil con- 
tains mostly soc.ua chloride. After vashing away the salt, the plowing 
layer’s soluble salt content usually is reduced to between 0.2 and 0.3 
percent or lower. The soil layer is usually thick. Its texture is heavy 
with a rich content of organic matter, nitrogen, phosphorus and potassiua. 
High yields are possible if there is good drainage and fresh water to wash 
away the salt and there is ample fresh water for irrigation. The ralt 
content of the bottom layer of inland shuitianyanxian soil sust aut be 
allowed to increase. To assure this, plenty of fresh water is needed for 
irrigation and drainage ditches must be of a definite depth. 


19. Northern Paddy Rice Soil 


Regions of distribution: The paddy rice soil found in the regions north 
of the Huai River, the Qinling and the Bailongjiang [River] belong to the 
northern paddy rice soil [type] except for shuitianyanxian soils. 


Major agricultural properties: Northern paddy rice soil is the marshy 
black soil of paddy fields in marshlands between ridges and in low flat 
land far from rivers in Heilongjiang and Jilin. Potential fertility of 
the soil is high. The soil is cold so seedlings sprout slowly. The 
soil is heavy and not easily plowed. 


Soil distributed in the Mudanjiang Prefecture in Heilongjiang and the 
eastern mountain areas and mid-mountain low flat lands in Jilin is the 
paddy baijiang [planosol] soil. It has a shallow black soil layer, 
contains little organic matter, nitrogen and phosphorus. Texture of the 
soil is that of light clay with a bottom soil that is heavy. Water 
permeability is poor. 


Soil distributed in river valley plans and low marshlands between moun- 
tains in Heilongjiang and Jilin is paddy peat soil. Potential fertility 
is high. The soil contains a lot of organic matter and nitrogen but 
little phosphorus. It is cold. 


Soil distributed in the alluvial plans along the rivers and in the 

mountain river valley plains in the three northeastern provinces is paddy 
Yuni soil [well drained submergic middle paddy soil]. The soil layer is 
thick, mostly of light loam to clay loam. The soil is easily plowed and 
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ware. Small seedlings sprout in this soil and plants do not remain grees 
rather than maturing. 


Soil distributed along the banks of the rivers in the North China plains 
is paddy shani [sand] soil. The soil texture is soft and spongy. The 
soil layer is deep and thick. The soil does not have a high content of 
organic matter. Aeration is good and fertilizing effect is rapid. 
Transplanted seedlings green fast and tiller a lot. 


Soil distributed in the spring water regions, river valleys, river banks 
and low flat lands along the banks of rivers in Gansu, Xinjiang and 
Shaanxi is paddy Qingni soil [gleyed middle paddy soil). Drainage and 
eeration are poor. The plowing layer is soft, spongy and cen be easily 
plowed. The soil layer is deep and thick. Retention of water and ferti- 
lizers is strong but the soil is cold. Transplanted seedling» green late 
and tiller less. 


Classification of Soil Textures 


According to the difference in granular size of constituent soils (those 
granules with a diameter larger than 3 ulllimeters ara classified as 
gravel, those between 0.01 end 3 millimeters are sand end thowe emaller 
than 0.01 millimeters are clay) soil texture can be classified into eight 
categories listed in the following table: 


Soil Texture Classification and Determination by Touch 


2 of composition | Determination by 
Name of soil | Sand | Clay touch Suitable crops 


Heavy clay Under 20] Over 80| Slippery. Can be Paddy rice, wheat, 
shaped by hand into | dryland rice, broad 
strips when wet and | beans, rape 

bent without break- 
ing. 

Clay 20-40 60-80 Can be shaped into 
stripe when wet. Can 
be bent into ring 
shape and pressed 
without splitting. 
Heavy loan 40-50 45-60 Can be shaped into Corn, gaoliang, 
strips when wet and paddy rice, wheat, 


—_—— 


























bent into ring dryland rice, soy- 
shape. Splits when | beans, byaod beans, 
preseed. rape 


[Table continued] 
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[Continuation of table) 

2 of composition Determination by 

Name of soil Sand Clay touch Suitable crops 

Medium loam [| 55-70 30-45 Can be shaped into Corn, gacliang, 
strips when vet. paddy rice, wheat, 
Splits when bent. dryland rice, 

Light loas 70-80 20-30 Cau be shaped into miliet, soybeans, 
strips when wet and | cotton, sugar beets, 
breaks off when sesame 
bent. 

Sandy loam 80-90 10-20 Can be shaped into a/| Barley, gaeoliang, 
ball when wet but millet, potatoes, 
cannot be shaped cotton, peanuts 
into strips. 

Sand 90-95 5-10 Cannot be shaped Potatoes, reanuts, 
into a ball when millet, wat. rmelon, 
wet. Hands feel muskme longs 
coarse. 

Coarse sand 95-109 0-5 Hands feel the 
coarse sand but do 
not feel sticky. 

















Physical Properties and Cultivability of Soils 


I. Soil's Specific Gravity 


Soil’s gravity (specific gravity) is the unit volume (not including pores) 
weight of dry soil. 


Soil's gravity (gran/centimeter?) = 


Soil texture 





Sand 
Clay 
Clay 
Clay 
Clay 


- Sandy loam 
loam 
loam (plowing layer) 


(plowing layer) 


Soil weight (gram) 





Soil volume - pores’ volume (centiseter?) 


Soil gravity 


r cent te 3 
2.6 = 2.70 
2.70 = 2.75 
2.70 
2.75 = 2.80 
2.75 


Soil containing more organic matter has a low gravity, as low as 2.30. 
Ordinary plowing soil has a gravity near 2.65. 
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II. Volume Weight and Porosity of Soils 


+a 
a | 


(1) Soil volume weight (pseudo gravity) is the unit volume 
the volume of the soil's pores) weight of dry soil. 


Soil volume weight = S0ti weight (gram) 


Soil volume (cubic centimeter) 





Soil volume weight can be used to calculate unit volume weight of sc 


(1 cubic meter soil weight = volume weight X 7,000 jin (2 jin = 1 kilo- 
gram) ). 
(Example) One mu (0.167 acres) of soil 15 centimeters deep with volum 


weight of 1.40 gram/centimeter) has a weight of 280,000 jin 
666.7 X 0.15 X 1.4 X 2,000 jin = 280,014 jin. 

(2) Soil porosity is the percentage of total volume of pores in 

volume of natural soil. It can be calculated from soil eravity 


volume weight. 


Soil volume weight > IAN 
Soil gravity a 





Soil porosity (%) = (1 - 


(3) Meaning of volume weight and porosity in agricultural production: 
Under usual conditions, if the sc.1's volume weight is small and the 
porosity is large, the soil would contain more organic matcer. its 
structure is loose, its water permeability is good, its c: acity for 
retaining water is great, its aeration is good and its microorganisms 
are more active. A small volume weight means the soil is loose. This 
means in turn that the seeds’ moisture absorption, sprouting and rooting 
will be affected. On the other hand, if the soil's volume weight is 
large and porosity is small, then the soil will harden and form slabs. 
Its organic content will be small, its structure will be poor and its 
retention of water will be poor, affecting sprouting, growth end micro- 
organic activity. The soil will not resist drought nor tolerate water- 
logging. This soil must be improved through increasing application of 
organic fertilizers, use of non-native soils, planting of green manure, 
plowing, loosening or packing the soil. The structure of the soil and 
the looseness or firmmess of the soil can be improved or reguleted t 
increase the soil's water and fertilizer retention capabilities The 
rise of underground water which is highly mineralized or high salt con- 
tent of such water will destroy the soil structure and further loosen the 
soil. Therefore the level of underground water must be lowered and the 
salt-alkali content of ihe soil must Se balanced. The ideal volume 
weigtt of ordinary dry crop soil should be betweeu 0.9 and 1.1 gram/ 
centimeters and porosity should be between 50 percent and 60 percent. 
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Soil Moisture 


I. Classification of Moistuce States in Soil 








{ solid 
Gaseous 
Water in chemical compounds 
{ Chemically bonded 
{ Crystalline water 
Bonded < 
Water { Absorbea water (tightly bonded 
in water) 
the | Physically bonded ; 
soil Membrane water (loosely bouded 
| water) 
Rising capillary water 
Capillary water 
Suspended capillary water 
lees water 4 Gravity water 





Underground water (supporting gravity water and 
[ stagnant gravity water) 


II. Soil Moisture Constant 


(1) Total moisture reserve (seii's maximum retention capacity or satura- 
tion capacity): The soil's saturation point is reached when all its pores 
are filled with water. The total volume of this water is called the 

“total moisture reserve." Different textured soils have different moisture 


reserves: 
Vegetable garden soil 81 percent 
Humus clay 60-70 percent 
Clay 50 percent 
Loam 35-45 percent 
Sand 25-30 percent 


When plowing, the soil's moisture content should be at least about 40 per- 
cent of its total moisture reserve for clay and 60 percent for sand. It 
is generally believed that the most suitable percentage of water in the 
soil for crop growth is 60 percent. But different crops require different 
soil water content. Graminaceous crops require 40 to 50 percent. 
Leguminaceous crops require 50 to 60 percent. Cotton and tsber crops 
require 60 to 70 percent. Perennial grass requires 70 to 80 percent. 


(2) Capillary moisture retention: This is the total amount of moisture 
retained in the soil's capillaries, including absorbed moisture, membrane 
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moisture and capillary moisture. This measures the moisture content of the 
soil directly above the underground water level. 


(3) Moisture retained in the field (maximum moisture contained in the 
field): This is the total volume of moisture in the soil after it is 
covered with water and after allowing the water to permeate and percolate. 
This represents the maximum amount of moisture the soil i: the field can 
retain in suspended capillaries. The amount of water retained in the 
field depends upon the texture of the soil. 


When the soil's moisture content is about equal to the moisture content 
of the field, it is time for planting. The amount cf water in the field 
at this point is also the most appropriate amount ¢ ater suitable for 
plant growth. The proper amount of irrigation sho’ d not surpass the 
amount of water retained in the field. “ais will avoid leakage, waste of 
water and raising the underground water level. 


(4) Greatest molecular retention: The maximum amount of water in a 
membrane state contained in the soil expressed as a percentage is the 
greatest molecular retention. This is dependent upon the entire area 

of the soil covered and the degree of concentration of the soil and water 
solution. The greater the area, the more membranous water there will be. 
The ereater the concentration of the soil and water solution, the less 
membranous water there will be. 


(5S) The greatest amount of absorbed moisture: When the soil's moisture 
absorption equals the saturation point of moisture in the air, the 
moisture retained by the soil expressed as a percentage is the soil's 
absorption coefficient, also called the greatest moisture absorption. 
The amount of moisture absorbed by the soil depends upon the soil's 
granular characteristics. 


Absorbed moisture cannot be utilized by plants and has no effect upon 
plants. 


(6) Wilting coefficient: When plants show permanent wilting, the 
moisture contained in the soil is called the wilting coefficient. It is 
expressed as a percentage of dry soil weight. The following lists the 
wilting coefficients (%) of various crops and soils: 


Soils and wilting coefficients (%) 











Coarse Fine Sandy Clay 

Crops sand sand loam _ loam Clay 
Paddy rice 0.96 2.7 5.6 10.1 13.1 
Barley 1.04 2.9 6.2 10.5 14.2 
Wheat 0.88 3.3 6.3 10.3 14.5 
Oats 1.01 3.1 6.1 10.5 14.9 
Corn 1.07 3.4 6.6 10.2 15.5 
Tomatoes 1.11 3.3 6.9 11.7 15.3 
Squash 1.21 2.6 6.4 9.4 15.1 
Peas 1.02 3.3 6.9 12.4 16.6 
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IlI. Computations of Weight and Volume of Effective Water Capacity and 
Moisture Content of the Soil 


(1) Effective moisture content: Moisture in the soil which can be 
absorbed and utilized by plants is called effective moisture. The maxi- 
mum effective moisture the soil can provide is the difference between the 
field's retained moisture and the wilting coefficient. Effective moisture 
differs according to the texture of the soil. 


(2) Underground water which could be utilized by agricultural crops: 

The amount of underground water which could be utilized by agricultural 
crops depends upon the texture of the soil, the quality of the water and 
the depth of the underground water. The deeper the water, the more salt 
content the water has; the sandier the soil, the smaller the amount of 
underground water there is available for use and vice versa. in ordinary 
soil, the amount of underground water which can be utilized by agricui- 
tural crops is listed as follows. 


Underground water which can be utilized 














Depth of underground (meter? /mu) 
water (meters) Fresh water Slightly saline water 
1.0 165 60 
1.5 100 55 
2.0 55 40 
2.5 25 20 
3.0 10 0 


(3) Mathematical conversion of the weight and volume of oisture in the 
soil: 


Weight of soil and moisture x 100 
Weight of dry soil 





Weight of moisture in soil (%) = 


Volume of moisture in soil (%) = weight of moisture in soil (%) X soil's 
volume weight 


Sometimes in order to compare with weather data, the amount of water con- 
tained in the soil at a certain depth (centimeter) is equated to the 
amount of water on the surface expressed in centimeters. This is called 
the soil's water storage amount. 


Soil's water storage amount (millimeters) = 


Depth of soil layer (cm) X soil's volume weight X soil's moisture weight % 
10 





in which 10 is a conversion coefficient converting centimeters into milli- 
meters. 
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IV. Proper Amounts of Moisture Needed by Plants 

The proper amount of moisture provided by the soil for plants is related 
to the soil, weather and variety of crops. The common indexes are as 
follows: 


(1) 50 percent to 60 percent of the soil's moisture reserve. 





(2) 70 percent to 80 percent of the field's moisture retention. 





(3) 40 percent to 60 percent of the soil's porosity. 


(4) 12 percent to 36 percent of the soil's volume of moisture. 





(5) 6 percent to 17 percent of the soil's volume weight. 


VY. Classification of Different Moisture Conditions of Different Soiis 









































Classification of moisture states 
Slightly 
Dry moist __|__ Moist Damp Wet 
Soils Soil ure content 
Clay 5%-10% 152% 15%-202 Over 25% 30%-35% 
Loam 4% 10% Over 15% Below 25% Over 25% 
Sacd 3% ond 8%-10% 15% 20% 25% 
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VIII. Measuring the Soil's Water Content 


The soil’s water content is usually expressed as the number of grams of 
water contained in 100 grams of dry soil. Im general, the soil‘s water 
content suitable for crop growth is between 15 percent and 20 percent. 
The stickier the soil’s texture, the more organic materiel the soil will 
contain, and the water content is greater. The soil’s water content can 
be measured by baking or by burning alcohol. 


l. Baking: An aluminum or tin container is first weighed on a2 gran 
scale accurate to measuring 0.1 gram. Then 10 to 20 grams of soil to be 
measured are placed into the container and weighed. (The sample soil 
should not be left too long before taking measurements to avoid evapora- 
tion of moisture. Stone pebbles and plant material should first be 
removed.) The measurement thus obtained is the weight of the “damp soil 
plus weight of the container.” The container with the soil in it is then 
placed into an oven to be baked at temperatures of 105°C to 110°C for over 
6 hours. The container is not covered during baking. After baking, the 
container is taken out from the oven, covered with a lid and placed into 
a dryer to cool off. Then the container with its contents is weighed 
again to obtain the “dry soil weight plus the container weight." If an 
oven is not available, the container can be filled with sand and heated 
on a stove. The fire must be kept small to avoid burning the contents. 
After heating, the container with its contents is cooled and weighed. 
This procedure should be done several times until weighing indicates 

that the weight has stabilized. The following formula is then used to 
calculate the soil's water content as a percentage. 


Soil's water content (2) = Height of moisture y 100 « 
Dry soil weight 


(damp soil weight + container weight) - (dry soil weight + container 
X 100 








(dry soil weight + container weight) - container weight 


2. Alcohol burning: An aluminum container is weighed on a gram scale. 
Place 10 to 20 grams of sample soil (with stone pebbles and plant material 
removed) in the container and weigh to obtain the “damp soil weight + con- 
tainer weight.” Then pour 8 to 12 milliliters of alcohol into the 
container. Shake the contents for a balanced mixture. if the soil is 
very wet, the alcohol must be mixed thoroughly with the soll to become 
mud before lighting <he alcohol. The burning contents should be stirred 
so that the alcohol is completely burned away. After the fire has died 
out, acid another 3 to 4 milliliters of slcohol and burn the contents « 
second time. If the soil is sticky and heavy and contains a lot of water, 
anothe; 2 to 3 milliliters of alcohol can be poured into the contents and 
burned a third time. After cooling, the contents are weighed to obtain 
“dry soil weight + containey weight." Following “he above formula, the 
soil's mosture conten’ can be calculated. This method is not suitable 

for soil containing an overabundance of organic matter. 


7) 








Chemical Properties of Soils 
I. Chemical Composition of Soil 


There are 45 chemical elements found in scils. The most abundant are 
oxygen, silicon, aluminum, iron, calcium, magnesius, sodius, potassius, 
titanium and carbon. These constitute 99 percent of the dry weight of 
soil's mineral content. Other elements constitute only 1 percent in 
weight. The content of nitrogen, phosphorus and sulfur which are espe- 
clally needed nutrients for plants is very sinute. 


——___Eiements __ 


Oxygen (0) 
Silicon (Si) 
Aluwinus (Al) 
Iron (Fe) 
Carbon (C; 
Calcium (Ca) 
Potassium (K) 
Sodium (Na) 
Magnesium (Mg) 
Titanium (Ti) 
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Manganese (Mn) 
Sulfur (S) 
Phosphorus (P) 
Nitrogen (N) 
Clorine (Cl) 
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Il. Absorptivity of Soil 


Soil has the ability to absorb and retain nutrients. This ability derives 
from the interaction of the soil’s free surfave energy (surface energy) of 
colloids. Small colloids means a large surface area, large surface energy 
and strong absorptivity. This ability prevents many nutrient elements 
contained in the soil from being washed away. These nutrients can also 
become dissolved in the water and soil solution through ionic exchange 

and thus become casily absorbable by plants. 


Ill. Abscrptive Capacity of Soil 


The greatest amount of positive ions capable of being absorbed by the 
soil’s colloids is called the absorptive capacity or positive ion exchange 
capacity or salt based exchange capacity. Usually this is expressed in 
the number of milligrams of exchangeauie positive i-.s contained in 100 
grams of baked dry soil (equivalent (eq) milligram/100 grams dry soi)). 
Soil with ‘arge absorptive capacity has a strong retention of fertilizers. 
Nutrients do not easily drain away. Usually soils rich in organic matter 
and soils having a heavy clay texture have large absorptive capacities. 
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For example, sand has en absorptive capacity of 1 to 5 ri:..gram eq/100 
grams dry soil, whereas clay has a capacity of 15 to W ailiigram eq/100 
grams of dry soil. 


IV. Saturation of Saline Base Soil 


When cll of the positive ions of the soil are saline base ions or metallic 
ions, the soil is said to be salt base saturated. if the soil contains 
B* ions as well as salt base ions, the soil is not base saturated. 


Base saturation of soils expressed in percentage is the proportion of 
convertible salt bases in a positive ion conversion: 


Convertible salt bases (milligram eq/100 grams 


« Sty soil) 
wane saturation Ch) Amount of convertible positive ions (silli- _“ 


gram eq/100 grams dry soil) 





When the soil's base saturation is .agh, the soil contains plenty of 
nutrients and it ie fertile. If the base saturation is low, the soil 
is sterile. 


Fertile soil gust have a high absorptive capacity and base saturation. In 
this way, not only can nutrients accumulate and be preserved but given a 
heavy application of fertilizers, the nutrients will not become over- 
abundant so as to “cauterize the seeds” or “cause lodging” nor will the 
nutrients become fixed, thus preventing the crops from absorbirg then. 
Therefore, the application of organic fertilizers in agriculture must be 
emphasized more to increase the nutrients in the soil, raise the soil's 
base saturation, increa’ : the colloids in the hugus, raise the soil's 
absorptive capacity, and increase the ability of the soil to retain 
fertilizers. Improving acidic and alkali soils also serves to prevent 
the decomposition and destruction of the soil's colloids and prevent « 
reduction of the soil's absorptive capacity and a reduction of the soil's 
ability to retain fertilizers. 


V. Classtfication of Nutrients in the Soil 








1. Total Capacity / 
Classification 

of fertility NW (4) P205 (2) K20 (%) 

Extremely low <0.06 0.02-0.04 <0.1 

Low 0.06-0.1 0.046-0.07 0.1-0.2 

Medium 0.1-0.2 0.07-0.10 0.2-0.4 

High 0.2-0.3 0.1-0.25 0.4-0 5 

Rich >»0.3 >»0.25 >»0.5 





Note: Phosphorus (P) weight x 2.3 = P7205 weight; 
Potassium (K) weight x 1.2 = K70 weight. 
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VI. Soil Reaction 

The soil's acicity or alkalinity is usually expressed in “pH,”  anging 
num tically from 1 to 14. Ordinary soil's acidity is within the range 
of pH 4 to pH 10. 


1. Range of Soil's Acidity 





pH value Reaction strength 
Less than 4.5 Extremely acidic 
4.5-5.5 Strongly acidic 
5.5-6.5 Acidic 
6.5-7.5 Neutral 
7.5-£.5 Alkaline 
8.5-9.5 Strongly alkaline 
Greater than 9.5 Extremely alkaline 

2. Range of pH Suitable for Growth of Important Plants 
Name of plant pH 

Cotton 6.0-8.0 
Wheat 6.0-7.0 
Barley 6.0-7.0 
Oats 6.0-7.0 
Paddy rice 6.0-7.0 
Soybeans 6.0-7.0 
Corn 6.0-7.0 
Sweet potato 5.0-6.0 
Potato 4.8-5.4 
Buckwheat 5.0-6.0 
Tobacco 5.0-6.0 
Sugar cane 6.0-8.0 
Broad bean 6.2-7.0 
Pea 6.0-8.0 
Rare 6.0-7.0 
Peanuts 5.0-6.0 
Sunflower 6.0-8.0 
Flax 6.0-7.0 
Sugar beets 6.0-8.0 
Onion 5.8-7.0 
Sesame 5.0-7.0 
Jute 6.0-7.0 
Hemp 6.0-7.0 
Piemarker (Indian Hemp) 7.0-8.0 
Alfalfa 7.0-8.0 
Lucerne 6.2-7.8 
Chinese trumpet creeper (vetch) 6.0-7.0 
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[Table continued] 


Name of plant 





Chinese milk vetch 
Lupin 
Lettuce 
Leaf mustard 
Carrot 
Radish 
Tomato 
Cucumber 
Cauliflower 
Cabbage 
Spinach 
Celery 
Strawberry 
Watermelon 
Apple 

Pear 

Peach 

Plum 

Almond 
Cherry 

Grape 

Orange 
Banana 
Pineapple 
Chestnut 
Walnut 
Chinese scholartree 
Pine 


Dragon spruce (Picea asperata) 


Fir 

Locust 

White poplar 
Oak 

Mulberry 
Gingko 


Yulan magnolia (Magnolia denudata) 


White wax tree 
Birch 

Chinese tamarisk 
Paulownia 

Tung oil tree 
Elm 

Tea 
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3. Solubility of Soil's Inorganic Matter (Unit: 


gram/liter) 





























Gaseunde Temperatures 

cal 0°C 10°C 20°C 30°c | 40°C 50°C 
water) Solubility (grams/liter) 

K7C03 10.35 10.83 11.05 11.37 11.69 12.13 
KCl 276 310 340 370 400 426 
KNO3 133 209 316 458 639 855 
K7S0y, 74 92 111 130 148 166 
Na7C03 7 125 215 388 485 -_— 
NaHCO3 69 82 96 1il 138 _— 
NaCl 357 358 360 363 366 370 
NaNO3 721 779 845 916 984 1041 
Na9SO,, 50 90 194 408 -- -- 
CaC03 -~ -- 0.0145 -- -- 0.0152 
Ca(HCO3) 2 161.5 -- 166 -- -- -- 
CaCl? 595 650 745 1020 - -- 
Ca(NO3)2 1021 1153 1293 1526 -- -- 
Ca(H9P0,) > -- _— 154 -- 170.5 -- 
CaS0,4 1.759 1.928 -- 2.090 2.097 -- 
MgCl 528 535 545 -- 575 -- 
MgSO, 408 423 445 454 _ 504 
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4. Crops' Tolerance of 


Acidity and Alkalinity 











(1) Acidic Tolerance 

Not tolerant Medium tolerance | Strong tolerance | Acidic 
Alfalfa Red clover Rye Blackberry 
California bur clover | Oats Buckwheat Tea 

Sugar beets Barley Litchi 
Legume crops Wheat Strawberry 
Cauliflower Corn Red bayberry 














(2) Alkaline Tolerance 





Not tolerant 


Medium tolerance 


Strong tolerance 





Corn 
Potato 


Apple 





Wheat 
Barley 

Oat 

Sugar beets 
Grape 
Spinach 
Orange 
Pears 





Millet 
Rye 


Cat's tail grass (Mao wei zao) 


Lucerne 
Cotton 
Squash 


Jujube (Chinese date) 
Narrow-leaved oleaster (Elaeagnus 


angustifolio) 





5. Calculating the Amount of Lime Needed by Soils 


The amount of lime needed is expressed in the number of jin (2 jin = 1 kilo- 


gram) of lime (CaO) per mu (667 square meters) of land. 


A piece of land 


667 square meters in area and 15 centimeters deep contains 300,000 to 


350,000 jin of earth. 


Sandy soil and soil containing a lot of organic 


matter may weigh slightly less than 300,000 jin and clay and clay loam 


will weigh about 350,000 jin. 


The amount of CaO needed is based on that 


needed by 300,000 to 350,000 jin of earth per mu and calculated according 
to the following formula: 


Amount of lime to be applied (jin/mu) = Hydrogen ion exchange (milligram 


eq/100 grams of soil) X 28/1000 (CaO 


1 illigram of molecules eq) X 


(350,000 + 100) (conversion to jin/mu) . [80% (near neutral salt base 
saturation) - salt base saturation] X 50% (differential between laboratory 
analysis and field application). 
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For example, if a soil sample has a hydrogen exchange of 6 milligrams eq. 
per 100 grams of soil, then its exchange rate at 10 milligrams eq. per 100 
grams (40% salt base saturation) is: 





28 80 _ 40 30 . 
10 X 1000 X 3500 X (aie Ta X 100 196 (jin of CaO needed per mu). 


Determination of the lime content (calcium carbonate) in the soil can be 
done by pouring a 1:3 solution of hydrochloric acid (1 part hydrochloride 
to 3 parts water) on the soil and ovserve bubbling. If no bubbles occur 
and no sound is heard, this indicates that the soil sample does not con- 
tain calcium carbonate. If small bubbles slowly emerge and are accompanied 
by a “chi, chi” sound, the soi!l's content of calcium carbonate is below 

l percent. If large bubbles appear but do not last long, the soil's con- 
tent of calcium is between 1 percent and 5 percent. Bubbling bubbles 
lasting for a long time indicate that the soil's content of calcium 
carbonate is above 5 percent. 


VII. Classification of Saline and Alkaline Soils and Saline Tolerance 
of Major Crops 


1. Classification of saline soils is done by measuring the total salt 
content in the soil between 0.7 and 1 meter deep. 


(1) Nonsalinized soil: Salt content is less than 0.2 percent and harm- 
less to plant growth. 


(2) Weakly salinized soil: Salt content is between 0.2 percent and 
0.5 percent. This soil is harmful to crop seedlings but does not affect 
crops in their latter growth period. 


(3) Mediumly salinized soil: Salt content is between 0.5 percent and 
0.7 percent. Salt tolerant plants can grow in this soil but will not 
grow well. 


(4) Strongly salinized soil: Salt content is between 0.7 percent and 
1 percent. Crops do not grow well or cannot grow in this soil. 





(S) Saline soil: Salt content is greater than 1 percent. Crops do not 
grow well or cannot grow in this soil. 


2. Alkaline Coil Classification 


(1) Alkalinized soil: Attached sodium ions constitute 10 percent of the 
amount of salt base conversion. Agricultural techniques shouid be uti- 
lized to avoid adverse physical properties of the soil but speciai 
measures should not be taken to reduce alkalinity. 
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(2) Strongly alkalinized soil: 
10 percent and 20 percent c* the amount of salt base conversion. 


(3) Alkaline soil: 


amount of salt base conversion. 


Attached sodium ions constitute between 


Special 
crops and agricultural techniques must be chosen and agricultural chemi- 
cal methods should be used to reduce alkalinity to improve the soil. 


Attached sodium ions surpass 20 percent of the 


improved by agricultural chemical methods. 


3. Saline Tolerance of Several Major Crops 


Before planting, the soil must be 









































Growth 

Paddy| Winter| Spring Sun- | Sweet 
condi- rice |wheat |wheat |C°™ Gaoliang| Panicum] Cotton ne A eel 
tions 
Normal <0.3 |<0.3 |<0.3  |<0.3] <0.5 <0.3 <0.35 |<0.4 |<0.4 
Hampered 0.3- 0.3- 0.3- 0.3- 0.5- 0.3- 0.35- 0.4- 0.4- 

0.7} 0.6 0.6 0.4% 0.9 0.8 0.8 0.9 0.8 

Seriously >0.7 |>0.6 |>0.6 |>0.8] >0.9 >0.8 >0.8 |>0.9 |>0.8 
damaged 
or died 
Note: Table lists surface soil salinity (generally between 0 and 20 centi- 


meters deep, individually from either 0 to 10 centimeters or from 
0 to 30 centimeters deep), calculated as percentage of dry soil 
weight. 
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Appendix 1. Simple Method of Determining the Soil's Salt Content 


Weigh 50 grams of wind dried soil (measured by a 1 milliliter siff) and 
place soil into a 500-milliliter triangular flask. Add 250 milliliters 
of distilled water and shake for 5 to 10 minutes. Let flask and con- 
tents stand for half an hour and then shake again for 5 to 10 minutes 
and let stand over night. On the second day, use funnel to filter con- 
tents. Take 50 milliliters of the transparent filtrate and designate 
as V. Pour this liquid into an evaporating flask of known weight. 
Designate the weight of the evaporating flask as A. Place evaporating 
flask with contents on steamer and steam until the flask is dry. Add 

1 to 3 milliliters of hydrogen peroxide and rotate the flask so that 
the hydrogen peroxide comes in contact with sediments. Then steam the 
flask dry until the organic matters have disappeared. Then place the 
flask into oven and heat until dry. Oven temperature should remain 
steady at 105 degrees. Then place flask into dryer to cool. Remove 
flask and weigh. This is the weight of the flask and its salt content, 
designated D. The soil's salt content is calculated according tu the 
following formula: 


D-A 
Dry soil weight represented by V milli- 
liters of filtrate 


X 100 





Soil's salt content (2%) = 


Note: The 50 milliliters of filtrate represents 10 grams of dry soil 
weight after 250 milliliters of water was added to 50 grams of dry soil. 


Appendix 2. Method of Determining Chlorides and Sulphuric Bases 
1. Determination of Chlorides 


(1) Testing agent: 1) Calcium acetate solution (0.1%)--Weigh 1 gram of 
calcium acetate and dissolve it in 1,000 milliliters of distilled water. 
If the soil is heavy and does not easily settle, the concentration of 
calcium acetate solution used can be increased to 0.25 percent. 2) Potas- 
sium chromate solution (5 percent)--Weigh 5 grams of potassium chromate 
and dissolve it in 100 milliliters of distilled water. 3) Silver nitrate 
solution (0.0342 N)--Accurately weigh 5.812 grams of pure silver nitrate 
and dissolve it in a small amount of distilled water and then dilute 

to 1 liter of solution with distilled water and store in brown colored 
bottle, 


(2) Method: 1) Place 10 milliliters of calcium acetate solution in a 
glass flask. 2) Weigh 2 grams of sample soil (soil sample taken from 

wet field should be 2.5 to 3 grams) and place in the flask. Seal the 

mouth of the flask tightly and shake vigorously for 1 minute. Then let 
flask stand for several minutes to allow contents to settle. 3) Use a 
dropper to take out 5 milliliters of solution and place in a test tube. 
4) Add 2 drops of potassium chromate, shake until the color is even and 
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the solution appears yellow. 5) Drop silver nitrate into the solution 
until slight reddish color appears. Nove the awount of silver uitrate 
added (use dropper with measurement markings). 


(3) Calculations: Since 1 milliliter of silver nitrate can titrate 

2 milliliters of sodium chloride, the percentages of sodium chloride or 
whole salt content in the soil can be found in the following table 
according to the amount of silver nitrate used in titration. 


Silver Nitrate and Sodium Chloride Comparison Chart 





Silver nitrate | 9 25/0.50]0.75]1.00] 1.25] 1.50] 2.00] 2. 50] 3.00; 3.50/4.00|5.00 
(milliliter) 
Sodium 0.05/0,.10] 0.1510. 20]0.25] 0. 30] 0.40! 0. 50] 0.60] 0. 70/0.80/1.00 
chloride (2) 
-—" salt 0.10]0.14] 0.20)0.25]0. 30] 0. 38] 0. 50) 0. 63! 0.75) 0.88}1.00/1.20 
Classifica- 1 2 3 4 | 3 
tion 
























































Note: 


1. Conversion of sodium chloride to whole salt is based on figures pub- 
lished in the Northern Jiangsu Coastal salt soil studies. The figures 
thus listed relate only to the salt fields of northern Jiangsu, but may 
serve as reference for other areas. 


2. Salt content classification is done according to growth conditions of 


crops. 
Class 1: All ordinary crops can grow. 

Class 2: Cotton and other salt tolerant crops can grow. 
Class 3: Difficult for cotton to grow. 

Class 4: Ordinary crops cannot grow. 

Class 5: Only a few salt tolerant weeds can grow. 


2. Deteruination of Sulphion 


(1) Testing agent: 1) Weigh 49.42 grams of barium chloride (BaCl7.2H 0) 
and dilute with water to 1 liter. At a concentration of 0.408N, if one 
drop is 1/20 milliliter, then 1 drop is equal to 0.05 percent of suliphion. 
2) Barium test paper. Weigh 0.01 grams of sodium acid rose red and 
dilute in 2 milliliters of water with concentration of 0.5 percent. The 
solution is then spread onto a sheet of filter paper and let to dry in 

the shade. The paper becomes deep yellow. When the puper loses its 
:ffect it becomes light yellow. This occurs when the paper is subjected 
to dampness, sunshine or temperature above 18°C. When used for testing, 
fresh testing papers should be made. 
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which has been tested for chlorides. Stir after each drop until the 
solution becomes relatively clear. Place the barium test paper in con- 
tact with the solution (do not dip the test paper into the solution) and 
allow the test paper to absorb the solution while observing the bottom 
part of the paper until it turns pink. Stop and note the number of 
drops of barium chloride used up to this point. 


(2) Method: Add testing agent barium chloride drop by drop to solution 
(3) Calculations: The soil’s sulphion % = total number of drops of 
barium chloride X 0.05. | 


VIII. Saline-Alkaline Soil Indicating Plants 


1. Saline Soil Indicating Plants 


Bianzhuye (2078 4554 5509), Xiaxucao (5802 7312 5430), Mabancao (7456 ~.10 
5430), coach grass, Jianhuicai (4354 3500 5475), Cuinese tamarisk, vitex 
trifolia, Jiancao (4354 5430) (Qingbiancao 7230 7267 5430), Yanxi (17/0 
0705) (Huangxucai 7806 7312 5475), ground date, pedicellaria pentaphylla, 
artemisia, sea and alkaline Erigeron acris and sea leek. 


2. Alkaline Soil Indicating Plants 


Tule potato, alkaline Erigeron acris, Niumaocao (3662 3029 5430), sedge, 
Yaodiliu (5522 0966 4058), viole verecunda, knotted reed and ramie hemp. 


Organic Matter and Microorganisms in Soil 
I. Composite Substances of the Soil's Organic Matter 


(1) Sugars and organic acids: Includiag organic monosaccharose 
(levulose, glucose), disaccharose (cane sugar), simple organic acids 
(oxalic acid, gluconic acid and citric acid). These substances all 
dissolve in water and can easily be decomposed by microorganisms into 
carbon dioxide, hydrogen and methane. 


(2) Starch, fibers and semi-fibers: These are polysaccharides that are 
not soluble in water but can be decomposed by microorganisms and serve as 
the important sources of energy and carbon for the soil's microorganisns. 


(3) Wood: Wood is a complex chemical compound which defies chemical 
decomposition and microorganic decomposition. Its existence is stable 
but can be oxidized ir air. 


(4) Tanin, resin, fat, wax: Composition of these substances is compli- 
cated. They are not soluble in water and their chemical and micro- 
organic decomposition is slow. They are stable substances. 














5) Nitrogen containing chemical compounds (proteics and its cer .vatives): 
These are easily decomposed by microorganisms. Diifereat types of pro- 


tein become different types of amino acids after dissolving in water. 
These amino acids are further decomposed to yield uitrogen. *rotein is 
composed of five elements: carton (50-55 percent), hydrogen (0.6-/.>5 


percent), nitrogen (15-19 percent), oxygen (19-24 percent) anc suifur 
(0.23-2.4 percent). Some proteins contain phosphorus. 


(6) Ash: This contains phosphorus, potassium, sulfur, calcium, 
magnesium, iron and other minute elements. 


Il. Ratio Between Carbou end Nitrogen in Organic Matter 


Ordinarily the nitrogen content of organic matter is expressed as a 
proportion of carbon and nitrogen. It is called the “carbon-nitrougen 
ratio” (C/N). Leguminous plants and remnants of young piants nave a low 
C/N ratio, about 20 to 30:1. Graminaceous plant stalks have a high C/N 
ratio, up to 80:1. Organic matter with a seall C/N ratio is easily 
decomposed. Organic matter with a large .ai10 is difficult to 
decompose. Also, placing organic matter s ‘Ty large C/N ratio ta 
the soil will cause microorganisms and plants to compete for nitrogen, 
resulting in a deficiency of nitrogen for plants. Wher piiing ferti- 
lizers to make compost and returning stalks to the fields as fertilizers, 
it is sometimes necessary to add human manure and nitrogenous ferti- 
Lizers to regulete the C/N ratio so that the ratio remains at beiow 

25 to 30:1. This condition hastens decomposition of organic matter. 
Ordinary soil's organic matter has « C/N ratio of 8 to 20:1. 
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Humus is the black glutinous substauce from decomposition of fresh organic 
matter by microorganisms. {t constitutes an important part of soil and 
usually constitutes half or more of the soil's organic matter. Humus has 
the following effects upon soil and crops: 


(i) When organic matter is being turned into humus, various organic 
ucids are roleased. These organic acids not only stimulate plant growth 
but also stimulate decomposition of the soil’s minerals, changing these 
minerals into nutrients absorbable by crops. 


(2) After organic matter has turned into humus, the soil’s color darkens, 
increasing the soil's ability to absorb light. Humus is not a good heat 
conductor, thus it better retains the soil’s h~at. When organic matter 

is decomposing, seat is released. Therefore, in soils with a lot of humus, 
the soil *emperature is higher and the soil is suitable for cultivation 
and greet of crops and microorganisms. Less humus means the soil's 
ability °c absorb heat is weak, its heat retention is weak and the soil 

is cold. 


(3) Due to interaction of the surface energy of colloids in humus, large 
amounts of moisture and nutrients can be absorbed. More humus in the soil 
means a stronger ability of the soil to retain water and fertility. Also, 
fresh wumus serves as a coagulant of the soil's granules and constitutes 
a major factor in the soil's ability to stabilize its water content. 


(4) Humification of the soil's organic matter reduces nutrients in 
remnant orgrmic matter to a state ready for storage, minimizing leakage. 
Later, there nutrients in storage are decomposed by aerobic micro- 
organisms which slowly release the nutrients for use by the crops. 
Therefore, humus can regulate the soil’'s accumulation or consumption of 
nutrients. 


IV. Major Types of Microorganisms in Soils 
l. Plant Microorganisms 
+ Algal 
+ Fuagi 
+ Actinomyce 
{ Protoplasmi.:: Nitrifying bacteria, sulphorus bacteria, 


iron bacteria 


Aerobic Ammonifying bacteria, bacteria 
Saprophytic Anaerophobic > which decompose fibrous mate- 
Amphibious rial, azotobacteria 





+ Bacteria ‘ 


| Symbiotic: Nodule bacteria 
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«- Animal Micrvorgenisaxs 
Mainly protozoa ‘iacluding Cilista, amoeba and flagellates). 
V. Relationship Between the Microorganisms and Living Coriditio:s in Soils 


l. Afr in the Soil 


Aerobic microorganisas such as fungi, actinomyce and some bacteria need 
free ionic oxygen and can only survive i= conditions where there is a 
free flow of air. 


Anaerophobic microorganisms such as some bacteria do not need free ion‘c 
oxygen and can absorb oxygen from oxygen compounds by deoxydizing the 


compounds. 


Amphibious microorganisms can live with or without any free flow of 
oxygen. 


2. Soil Temperature 














Lowest Most suitable | © sgnest 
Types of microorganisas temperature temperature temperature 
(*c) (*c) Co 
Ordinary microorganisms 5-10 20-30 35-45 
in the soil 
Thermophilic zicro- 20 65 80 
organisms 














3. Soil Reaction 











Acidic limit | Suitable pH | Alkali lieit 

Types of microorganisas (pH) ‘value (pH) 
Nitroso bacteria 3.9 7.7-7.9 9.7 
Nitrifying bacteria 3.9 6.8-7.3 13.9 
Azotobacte.ia 5.6-5.9 6.4-7.7 9.0 
Nodule tucteria (peas) 4.8 -- 11.0 
Nodule bacteria (red clover) 4.3 -- 11.95 
Nodule bacteria (soybean) 3.4 -- 11.0 
Fungi (black mildew bacteria) 1.2 1.7-7.7 11.0 
Act inomyce -- 7.0-7.5 -- 























VI. Products of Decomposition by Different Microorganisms 








Products of Products of Products of 
decomposition decomposition decomposition 
by aerobic by anaerophobic by fungi 
bacteria bacteria (aerobic) 
Water Hydrogen Water 
Carbon dioxide Nitrogen Carbon dioxide 
Carbonates Methane Nitrogen 
Sui fates Ammonia Carbonates 
Nitrates Hydrogen sulphide Sulphates 
Phosphates Hydrogen phosphide Phosphates 
Chlorides Carbon dioxide Chlorides 
Ammonia (beginning) Ferrous sulphide Ammonia 
Ammonia sulphide 











Note: Intermediate products of decomposition by aerobic and anaerophobic 
bacte ia include organic acids, fatty acids and lactic acid. 








Simple Methoa of Determining Fertility of Paddy Soil 
The fertility cf paddy soil can be determined as follows: 


(1) Observe the color of the soil: Fertile soil usually is dark and 
infertile soil is light in color. 


(2) Measure the depth of the mature soil layer: Fertile soil's mature 
soil layer is usually about 20 centimeters deep and infertile svil has a 
shallower mature layer. 


(3) Observe the ease of plowing: Fertile clay soil is spongy and easy 
to plow. Plowing when such soil is dry causes the soil to break easily. 
Plowing it when wet, the soil does not stick to the plow. Infertile clay 
is sticky and not easily plowed. Plowing is easy in sandy soil whether 
it is fertile or not but infertile sandy soil easily forms slabs and 
slurry. 


(4) Observe cracks in soil: Fertile soil has many small crevices while 
infertile soil has large crevices. 


(5) Observe water retention: Water seeps into fertile soil. Irrigated 
water can be retained from 6 to 7 days. Infertile soil does not allow 
water to seep into it or forces water to leak along crevices. 


(6) Observe the night tide phenomenon: The night tide phenomenon occurs 
in fertile soil. The soil dries up and then becomes moist again and it is 
difficult to dry or harden the soil. Night tide phenomenon does not occur 
in infertile soil. 
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(7) Observe the quality of water: Water in fertile soil is sticky and 
feels oily. In sunshine or when disturbed the water emits large bubbles. 
Water in infertile soil is colorless and watery and does not emit bubbles 
when disturbed. Small bubbles that do form do not escape easily. 


(8) Observe the soil's fertilizer retention and fertilization: Fertile 
soil strongly retains fertilizers and supplies sufficient fertilization 
for a long time. It allows young sprouts as well as old sprouts to grow. 
Infertile soil is weak in retaining fertilizers and in sustaining ferti- 
lization. Plants do not receive sufficient fertilization but neither die 
of starvation. Some fields have potentially high fertility but cannot 
provide fertilization to plants at the right time, thus allowing old 
sprouts to grow but not young sprouts. 


(9) Observe indicating plants: Fertile soil sustains growth of 
hongtoujiang (4767 7333 6830), yelaiqing (1123 0171 7230), spirodeia 
polyhiza purple, spirodela polyhiza white, centipede spirodela po'y*iza, 
emaocao (7709 3029 5430), early Panicumcrus galli, field Miscanthus 
sinensis, vegetable greens, Oxalis corniculata, zhuniangteng (3727 1224 
5671), Setaria viridis, huangmeicao (7806 2734 5430), and Eleusine indica. 
Infertile soil sustains growth of Smilax herbacea, Monocharia vaginalis, 
wild water chestnut, prism grass, Yangshetoucao (5017 5286 7333 5430), 
wild tule potato, tield calamus, moss, rush, Erigeron acris, Oyperus 
rotundus, Polygonum hydropiper, mianjingtoucao (4875 4585 7333 5430), 
arrowhead, wild orchid, wild Allium scorodoprasam, and old garlic. 


(10) Observe indicating animals: Fertile fields host field snail, loach, 


earthworm, yellow eel, field dog, horse leech, while infertile fields 
host yellow spotted loach, green eel, leech, snail and ants. 


9296 
cso: 4007 
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CHAPTER 3: 


FERTILIZERS 


Effect of Various Nutrients on Plant Growth and Development 











Name of 

nutritious Main effect Symptoms of deficiency in crop 

element 

Nitrogen A vital element in Plant growth is slow or stunted; leaf 
forming protein, color is light green; old leaves at 
clorophyll and enzymes;| the bottom of the plant are the first 
when there is suffi- to be affected, they gradually become 
cient nitrogen, growth | yellowish in color and eventually 
will be vigorous and wither and die; when nitrogen- 
the leaf color will be | deficiency is severe, new leaves 
dark green; when there | also become yellow, growth ceases 
is too much nitrogen, and the entire plant withers in the 
stalks and foliage will| end; signs of deficiency can appear 
become tender and at any time from the initial stage 
brittle, their resist- | to the final stage of growth; in 
ance to disease and soil that is highly acidic and he» 
insect pests will little organic matter and when tne 
weaken, and flowering growth of a leguminaceous crop or 
and ripening will be microbiological activity is severely 
delayed. restricted, the crop will show symp- 

toms like a disease because of a 
deficiency of nitrogen. 
Phosphorus | A component of nucleo- | Plant growth is slow; ripening is 





protein, phosphatide, 
and nucleic acid in the 
plant body; the content 
of phosphorus in seeds 
is specially high; it 
plays an important role 
in the course of plant 
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late; development of root systems 
and fructification are poor; leaf 
tips and edges or plant stems 

become purplish; leaf blades of some 
plants turn to an abnormal dark 
green; young seedlings of plants 
lacking in phosphorus develop 




















[Table continued] 





Name of 
nutritious 
element 


Main effect 


Symptoms of deficiency in crop 





Phosphorus 
(continued) 


cell division and in 
the conversion of 
starch to sugar; it can 
promote the growth of 
young seedlings, 
strengthen the develop- 
ment of root systems, 
promote early maturity, 
increase the proportion 
of seed grains to plant 
stems, and strengthen 
the cold resistance of 
overwintering crops. 


poorly, old leaves yellow, and some- 
tives the young seedlings become 
reddish until they finally turn 
yellow; the content of available 
phosphorus is low in highly acidic 
soil, alkali soil, and soii with 
little organic matter. 





Potassium 


Potassium is closely 
connected with the 
assimilation of nitro- 
gen, the dynamics of 
protoplasm, and photo- 
synthesis; when 
potassium is sufficient 
the growth of plant 
stalks and foliage is 
vigorous, and both pest 
and lodging resistance 
are high. 


Old leaves yellow at the tip and 
along the edges, and by the time 
this color change reaches the center 
of the leaves and the stems, the 
leaf edges have turned brown and 
finally shriveled and spots of dead 
tissue appear; there is no deficiency 
of potassium in most soils, but the 
content of the element is relatively 
low in the yellow soil of the South- 
west region and in the red earth 
developed from acid sandstone ani 
shale in the mountainous areas of 
South China. 





Calcium 





in the middle 
plant cell 


Deposited 
layers of 
walls, it appears 
mainly in the form of 
calcium pectic acid; it 
can strengthen the 
cells and increase the 
resistance of plants to 
disease and insect 
pests. 





Leaves and roots appear sticky at 
the tips; development of root 
systems is inhibited manifestly; 
stems wither and die, from the tip 
downward. 
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[Table continued] 




















Name of 

nutritious Main effect Symptoms of deficiency in crop 

element 

Magnesium A component of When magnesium is deficient, chloro- 
chlorophyll. phyll cannot be formed in the leaves, 

and in severe cases, the leaves 
become pale green or yeiiow, but the 
veins remain green; old leaves first 
become mottled, then wither, and 
these symptoms spread to the upper 
leaves of the plant and growth of the 
entire plant is inhibited; magnesium 
deficiency is liable to occur in 
loose soil that is acidic or has been 
leached excessively. 

Sulfur A vital element in Leaf veins become pale green, or 
forming protein and white in severe cases, but the 
enzyme. mesophyll remain» green; then leaves 

develop reddish spots at the base; 
such phenomena appear first on new 
leaves, and not on old leaves, as in 
the case of nitrogen deficiency. 

Iron It is deposited in the | Leaves become pale green when chloro- 
numerous respiratory phyll is reduced and this is first 
enzymes within the detected on newly formed tender 
plant body; chloro- leaves; in severe cases, whole leaf 
phyll can only be blades turn yellowish-white in color; 
formed when there is at first, leaf veins remain green, 

a sufficient supply of | but they too become yellow after 

iron in the plant body. | symptoms worsen; under natural con- 
ditions, iron deficiency is liable 
to occur usually in alkali soil and 
sometimes in carbonated soil. 

Boron One of the elements Upper leaves of the plant usually 





essential for plant 
growth and development, 
it also has a definite 
effect on flowering 
and fructification. 





become twisted, shriveled or mottled, 
stems and petioles become brittle and 
easily broken, and terminal buds die; 
fruits are small and change in shape, 
and usually dry out before ripening; 
fruits and tuberous roots of some 
plants even turn black inside. 











{Table continued] 




















Name of 

nutritious Main effect Symptoms of deficiency in crop 

element 

Zinc An important element in |Leaf blades develop yellowish-white 
the respiration of plant/spots and sometimes leaf color is 
cells, it is deposited relatively dark in shade; zinc 
in the carbonic deficiency can cause many diseases 
adhydrase. to develop, as, for example, little 

leaf disease and leaf spot disease 
in fruit trees. 

Manganese When the concentration j|Leaf blades of most plants becor= 
of manganese is appro- clearly mottled and their mesophyll 
priate, it can promote turns from pale green to yellow, but 
seed germination and the veins remain green; in alkali 
growth of young seed- soil manganese often oxidizes to 
lings, and also form manganese bioxide, which is not 
strengthen the forma- absorbable by plants, hence manganese 
tion of pollen and deficiency occurs relatively easy in 
development of pollen highly alkaline soil. 
tubes. 

Copper A component part of Leaves at the top of the plant wilt 
the oxidase in the and leaf tips die, but often there 
plant body. is no marked change in ieaf color. 

Molybdenum | It can promote reduc- When there is too little molybdenum 





tion of saltpeter and 
stimulate the activity 
of certain nodule bac- 
teria, thereby 
enhancing their nitro- 
gen fixation. 





in the plant body, nodule bacteria 
find it very hard to grow and the 
nitrogen fixation of other nitrogen- 
fixing bacteria is also reduced. 
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Nitrogen, Phosphorus and Potassium Contents of Crop Seeds (iuberous Roots, 
Tubers) 





2 age saewlaek? , "| asd) ch®| awe’ 


| | | Ge) | Gm) | 
(5) ‘ex 1.40 0.60 | 0.30 " an ene | 0.35 | 0.15 | 0.50 
(6) 28% 2.10 | 0.70 | | 0.50 yah 0.30 | 0.10 | 0.50 
(7) x28m | 1.75 = | 0.50 [ nm FP) 3.70 | 1.10 | 13.10 
(8) @FHE | 1.20 | 0.90 | 0.20 | REhR?| 4.40 | 0.50 | 0.89 
(9) WEEK 1.40 0.60 | 0.% = 2.60 | 1.70 | 0.90 
(10) =x 1.60 | 0.60 | 0.00 | BERR’ 2.25 | 1.25 | 0.75 


(11) xEES 530 | 1.00 | 1.80 | aaa 0.2 | 0.10 | 0.80 






























































Key: 
l. Name 10. Corn kernel 
2. Nitrogen content (7%) ll. Soybean seed 
3. Phosphorus content (Z) 12. Seed potato tuber 
4. Potassium content (Z) 13. Tuberous root of sweet potato 
5. Paddy rice seed 14. Cottonseed 
6. Wheat seed 15. Peanut seed 
7. Barley seed 16. Hemp seed 
8. Millet seed 17. Sunflower seed 
9. Buckwheat seed 18. Tuberous root of sugar beet 
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Organic Fertilizers 


I. Nutrient Contents of All Kinds of Organic Fertilizer 


l. Fertilizers of Mixed Human and Animal Manure (fresh excretions) 
























































(%) Fe) es | (% 

(7VA_@ ut) wees’ 1 05 | 08 

(8S)A mR MuS*! 328447 05 0.13 06| (0.18 

(9)A RR wee! 5S~1 | 0.5~08 | 0.2~04 § 0.2~0.3 
(10)5 a2. 7s 86©|)ChlU | 0.4-0.55  0.2~0.8 | 0.35~0.65 
Qin & 87 ~92 6.9 | 1.8+1.5 | | 1.25~1.6 
(l2)<= # 80~85 14.6 0.3~0.45 | 0.15~0.25 0.05~0.15 
Q3)¢ RR 8~% 2.3 | 0.6~1.2 G23  1.3~1.4 
(14)2 @& S~63 | A~ RT COLT~0.8 0.45~0.6 30.3 ~0.6 
(15) * & so~8si(‘<é‘é‘CSS | 1.8~1.4 | 23 2.1~2.2 
(16) % 8 as 15 | 0.6~0.6 | 0.45~0.6 | 0.35~0.5 
(17) @ & 7 8.5 | 0860.5 | 0.07~0.15 | 0.2~0.7 
8) a on os | 16 | 1.86 0.85 
(19/8 2 £48.6 26.2 il |) ot | 0.68 
(20)-eee, 8 [ 0.86 | (0.88 0.9 
Type of fertilizer 13. Cow urine 
Moisture content (2%) 14. Sheep manure 
Organic matter (%) 15. Sheep urine 
Nitrogen content (2) 16. Pig manure 
Phosphorus content (2) 17. Pig urine 
Potassium content (72) 18. Chicken droppings 
Human feces 19. Duck droppings 
Human urine 20. General barnyard manure 
Mixture of human feces and urine 21. Plus 
Horse manure 22. Approximately 
Vorse urine 23. Trace 


Cow manure 
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Strew Fertilizers 





= 




































































( | : 
& | Aah aS | & * |S m) | om 
(5) # = of 0.18 | 2.70 3 * 0.60 | 1.40 | 0.90 
(6) 8 % 08 | 0.20 | OST | RRESH) 0.00 | 0.15 | 0.4 
Q) 2 - 0.80 | 0.20 | 0.60 | x ea 1.30 | 0.90 _ 0.80 
(8) © @ 0% | 0% | Ol | BF 1.06 | 03% 0.99 
(9) AM) 0.8 | 0.29 | 1.07 |e BH) 1.63 | 0.89 1% 
(10) % @ F | 0.00 00  20lnt & 0.89 | 0.08 | 0.80 
Key: 
l. Name 9. Barley straw 
2. Nitrogen content (%) 10. Buckwheat straw 
3. Phosphorus content (2) ll. Cornstalks 
4. Potassium content (%) 12. Potato stems 
5. Rice straw 13. Soybean stems 
6. Rice hull 14. Pea stems 
7. Wheat straw 15. Broad bean stems 
8. Wheat bran 16. Sweet potato vines 
3. Cake Fertilizers 
(1) | fi He!  (D bide | be 
baled) ie (%) We Bane “fe (%) | (%) 
ale > 
(5) mem! 5.23 280 | out nahh $10) 27) — 
(6) mew 40) le 1.40 | kM 806 2.40) «(1.8 
wa on tie 
(7) ame) 5.7) 2m 27 | om 5.0 | 2.00 | 1.90 
Note: May be mixed with such fertilizers as human 


é 


Vk wn 


and animal manure, decomposed manure and compost 
for use as a base fertilizer; if used for top- 
dressing or as a seed fertilizer, they must undergo 


decomposition beforehand. 


Type of oil cake 6. 
Nitrogen content (2) 7. 
Phosphorus content (%) 8. 
Potassium content (2) 9. 
Cottonseed cake 10. 
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Rapeseed cake 
Sesame cake 
Sunflower seed cake 
Hemp seed cake 
Castor seed cake 
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. 2)) 3) (4) 
ERPR | a8 | tat | *g* . 
' 
(5) zaBR(Fe) | 0.30~1.0 0.06~0.12 FB ow 
7 —ts, 
(6) oeupn (se) | 1.00~2.30 0.10~0.20 # 0.20 
7) seun(=e) | 2.30~3.8 0.12~0.50 | ) ae 
Key: 
1. Type of soddy soil 6. Mid grass ash (dry aa*ter) 
2. Nitrogen content (%) 7. Low grass ash (dr: matter) 
3. Phosphorus content (2) 8. Not exceeding 
4. Potassium content (2) 9. Approximately 
5. Top grass ash [grass charcoal) 
(dry matter) 
5. Soil Manures 
tT) yj | 3] ; 
.; * ak a Wit Le we 
(5s) ® + | 0.03~0.41 | 9.11~0.21 | 0.28~0.9° 2. Nitrogen content (2) 
— own 3. Phosphorus content (%) 
(6) @ Sf OOD | Oe | Oe 4. Potassium content (%) 
(7) 8 + 0.18 0.13 0 5. Hot bed earth 
‘ a = he — - 7. Smoked earth or mud 
(9) @ @) 020 | 0m 0 =€=©6©—=—« 8. «Nitric soil 
10) samme | 0.25~0.48 | 0.14~0.59 | 0.4~1.89 9. Garbage 
us) a8 | 10. River, pond or lake sud 
Ql) #* x| - 0.” 0.30 ll. Furnace ashes 
(12) aa” e-| 1.06~2.00 | 0.30~0.82 | 0.47~2.53 12. High temperature 
a mane ~~ compost 
(13) —M@ me | 0.40~0.50 | 0.18~0.28 | 0.45~0.70 13. General composts 
(14) ¢anm! 460 2s = 14. Raw bone ash 
(15) a # & | _ = | - rt ont bone meal 
(16) meee) of | mo fm 














6. Length of Effectiveness of Some Organic Fertilizers 

















eee | Peel ae a We 
(% (%) (%) 
oe ee Ss 
(6) ses, oo | B&B | B&B 
) ¢ gl si Oo | 3s 
(3) > ww) #6 | & | 
9) « a2) » | s& | & 
(10) A ai «s | 15 10 
(il) e. 6 mi s | w 
, | 
| 


(13) =e Re | 


Name of fertilizer 

First year (2) 

Second year (2) ° 

Third year (7) Cake fertilizer 
Barnvard macure - Bone meal 

Fresh horse manur? Steamed bone meal 


. Cow manure 
II. Some Metiiods for Compos: ing 


1. Methods of High Temperature Composting of Cornstalks in the Dazhai 
Brigade 


There are two methods according to the types of raw materials used. Both 
methods have been used in the Pazhai Brigade at the same time with good 


results. 
(1) First method: 


Time: Generally, ths compost is begun after the autumn barvest and dis- 
posal of the cornstalks is completed before the Qingming Festival [Ch'ing- 
ming Festival, avout 5 April] the following year. 


Selection of site: The selection of a place that is sunny and away from 
the wind but not far from a water source as tue compost site will factli- 
tate the use of water and make it easy for temperature control. To 
facilitate transportation and application of the composted material, the 
piles may be dispersed in a suitable manner. 
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Raw materials and their disposal: Raw materials required are in the 
following proportion: Air-dried cornstalks 1,000 jin [catties], moist 
mule manure 600 jin, night soil 200 jin, water about 1,500-2,000 jin. 
The cornstalks should first be chopped into 5-centimeter sections in 
order to facilitate sufficient contact with the other ingredients and 
the absorption of more water, and to encourage their decomposition. 

Mule manure is used mainly as an inoculant for implanting thermophilic 
microorganisms. There exist in the manure a great number of micro- 
organisms that will decompose organic matter. After inoculation, the 
microorganisms can quickly decompose the cornstalks and generate 

high temperatures in the pile. Night soil, on the other hand, is used 
maiuly to provide the nutrients required by the microorganisms, promote 
multiplication and at the same time, regulate the carbon-nitrogen ratio 
in the pile. Mule manure also contains the nutrients that are needed by 
the microorganisms, bvt in insufficient quantity. While the compost pile 
depends on the activity of the microorganisms for its decomposition, the 
microorganisms require a suitable amount of moisture for their activity. 
The optimum moisture content is about 60-7U percent of the weight of the 
cornstalks. If moisture is excessive, air permeability in the pile will 
be bad. If it is too little, then the microorganisms will be inhibited 
in their activity. At the time the compost is being built, a rule of 
thumb is that water should be added as much as it is needed to moisten 
all the cornstalks. Taking into consideration the loss of moisture 
through permeation and evaporation, slightly more water than is actually 
needed may be added. 


Piling compost: The pile should be 3.5 to 4 meters wide and 1.5 to 2 
meters high. Its length depends upon the quantity of raw materials 
available and the expediency of work. First, heap the chopped-up corn- 
stalks into a rectangular pile of the above dimensions. Then uniformly 
spread mule manure and night soil on top of it according to the pre- 
scribed proportion. Next, from one end of the pile, divide vertically 
a portion of the cornstalks, mule manure and night soil, add water to it 
and mix well. Then heap it on one side. In this way, divide another 
portion from the pile, mix it well with water and heap it on one side 
until the whole pile is finished. Finally, sprinkle some more water on 
the smaller piles and cover the ‘op with a layer of fine soil about 5 
centimeters thick. No soil is to be added during the mixing and piling, 
otherwise heat generation within the pile will be affected. 


Turning over the pile: Within approximately 5 days, the temperature in 
the pile will rise sharply. It may reach as high as 70°C after 2-3 days. 
At the maximum, it may reach 80°C. Generally the pile is turned over in 
10 days, or within 15 days, after the high temperature occurs. The 
materials in the pile are turned inside out as well as upside down and 

at the same time some water is added as needed. After turning, cover the 
top of the pile with some soil. Afterward, high temperature will again 
occur. After 10 or 15 days, the pile is turned for the second time. 

Some water should also be added this time. By now decomposition is 
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almost complete. Again cover the pile with some soil and make prepara- 
tions for its application. The number of turnings is contingent upon 
the degree of decomposition of the cornstalks. In case of need, the 
pile can be turned over one more time. Ideally turning is continued 
until the compost is rotten, smelly, black and moist. 


(2) Second method: 


In the course of solving the contradiction between a yearly increase of 
cornstalks and an insufficiency of mule manure and night soil, the Dazhai 
Brigade successfully tested a new method of high temperature composting 
of cornstalks. Its main features consist of substituting old compost 

for the mule manure in implanting microorganisms into the pile and chen- 
ical fertilizers for night soil in providing the microorganisms with the 
required nutrients, and regulating the carbon-nitrogen ratio in the pile. 


The raw materials required for this method are in the following propor- 
tion: cornstalks (air dried) 9,000 jin, rotted cornstalk compost (moist) 
5,000 jin, ammonium nitrate 180 jin, calcium superphosphate 90 jin. The 
process for building a compost pile by this method is basically the same 
as in the first method. However, the chemical fertilizers are spread on 
the cornstalks by batches after water is added and before the materials 
are mixed thoroughly. 


It has been proven in experiments and in practice that temperature varia- 
tions are similar in the composts built by the above two methods. The 
highest temperature attainable under the first method is in excess of 
70°C. Under the second method, the highest temperature that can be 
attained is close to 70°C. Also, the heat generated by the second method 
is more uniform while decomposition is satisfactory. According to the 
tests conducted, because of the addition of chemical fertilizers to a 
compost obtained by the second method, its contents of whole nitrogen 
and whole phosphorus are higher than those of a compost obtained by the 
first method, however, the contents of available phosphorus and avail- 
able potassium are similar (see table below). 


Available Available 














Method of Whole nitrogen Whole phosphorus phosphorus potassium 
composting content (2%) content (% (%) (%) 
First method for 

composting 0.613 0.0462 0.0056 0.39 
Second method for 

composting 0.810 0.0691 0.0055 0.32 
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2. Method for High Temperature Composting of Grass Ash in Northeast China 


Preparation of site: In general, it is suitable to select a site that is 
spacious, sunny and away from the wind, close to a water source, and 
convenient to access of raw materials and to transportation. On the site 
selected, dig air canals in the shape of the character "jing" [# 0064]. 
The length of these canals should depend on the size of the compost pile 
to be built. They should be 20 centimeters deep and 18 centimeters wide. 
The walls of the canal should be neat and straight, the bottom should be 
level and slightly wider than at the top, and a gentle slope should be 
left at the head of the canal. In the "jing"-character design, the two 
vertical canals should be 2-3 meters apart and the two horizontal canals 
2.5-3 meters apart. Fill up the horizontal canals with either corn- 
stalks or gaoliang stalks. In the winter, when the weather is cold and 
the ground frozen, it is necessary to cover the horizontal canals with a 
10-centimeter-thick layer of cornstalks or gaoliang stalks, after filling 
them with the same material, in order to create even better conditions 
for the air to circulate. Upright air holes should be set up at the 
junctions of the horizontal and vertical air canals in the "jing”- 
character design. Take a wooden pole with a diameter of about 10 centi- 
meters and wrap around it a layer of cornstalks or gaoliang stalks. Then 
plunge the smaller end of the pole into the pile at each junction in 
order to allow the air to circulate and to regulate the temperature in 
the pile. 


Piling compost: First of all, line the bottom with a layer of various 
kinds of root stubble and wild grass to a thickness of 50 centimeters. 

On top of this, spread a 10-to-15-centimeter thick layer of horse manure. 
Heap some (about 2 to 3 cartloads) fresh horse manure on the surface 

area within a 1.5-meter-diameter circumference of each air hole and mix 
in some grass, rushes and stubble to form a heat generating point. 
Following this, spread a 30-centimeter-thick layer of grass ash [grass 
charcoal] around each heat generating point and scatter horse manure on 
top to a thickness of 3-5 centimeters so as to seal up any crevices. 

Then pack down a 20-to-25-cexntimeter layer of grass manure. In this way 
the foundation work is completed in the main. After the temperature 
begins to rise gradually, heap on top of this foundation a layer of grass 
ash, then a layer of horse manure (the grass ash should be about 35-40 
centimeters thick, the horse manure 4-7 centimeters thick), and so on, 
until the pile reaches about 2 meters in height. Somewhat more horse 
manure should be spread within a 1.5-meter-diameter circumference of 

each air hole in order to facilitate the rapid generation of heat at each 
heat generating point. As for compost management, it is necessary to do 
well the work of frequent inspection, timely turning and regulating the 
moisture, temperature and air conditions in the pile. If the temperature 
rises above 60°C, such measures as watering the pile, blocking up the air 
holes and stamping down on the pile should be taken to bring the tempera- 
ture down. When, on a wintry morning, frost is detected to have formed 
on the pile, it should be stepped on immediately until it is packed 


105 














firmly so as to prevent heat dissipation. In the cold of winter, if a 
compost pile is not snow-covered, snow should be piled on top so as to 
preserve the heat inside. It will do if the humidity in the pile is 
usually maintained at between 60 and 70 percent. When turning is car- 
ried out, consideration should be given to the time that the compost is 
needed for use. If it is necessary to speed up the decomposition 
process, the pile may be turned over 20 days ahead of application. 
Turning at this time can promote the decomposition of grass ash. 


III. Fertilizer Management in a Farmhouse 
1. Night Soil 


To prevent loss of nitrogen through volatilization, a proper amount of 
calcium superphosphate may be added to night soil piled up in storage and 
mud should be used to cover a built-up compost pile completely. A layer 
of mulch consisting of wood chips, grass, dead leaves and husks should 

be spread over liquid fertilizer of mixed human and animal manure or some 
treatment which protects the fertilizer from sunlight should be carried 
out. All compost that is not used up should be sealed up with earth. 


2. Livestock Enclosure Manures 


It is necessary to work industriously inside the enclosure to add layers 
of straw or soil to livestock manure, to clear out the manure and to 
sweep up the place. After the manure is taken out, it should be piled up 
and covered with earth. Exposure to the sun must be avoided so as to 
reduce volatilization of nitrogen. Care should be taken to turn over 

the pile in a timely manner in order to cause the manure to decompose 
uniformly. 


3. Compost 


In building compost, it is best to add ground phosphate and calcium 
superphosphate. Earth should be used to cover the pile completely. 
Compost delivered to the head or side of a field should also be covered 
with earth and pressed compactly. When applying the compost, it is 
necessary to plow the field at the same time that the compost is applied 
in order *o make sure that the fertilizing effect of the compost is not 
lost. 


4. Wood Ash 


Wood ash should be accumulated and stored singly. Leaching by rain 
water should be avoided. It must not be mixed for application with 
fertilizers of mixed human and animal manure or nitrogen fertilizers 
in order to prevent the loss of nitrogen. 


See the table below for the contents of the nutritious elements of 
several kinds of wood ash. 
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Potassium Phosphorus Calcium 








Name content (%) content (%) content (%) 

Wheat straw ash 13.60 0.40 5.90 
Rice straw ash 8.10 0.59 1.92 
Cotton stalk ash 11.22 1.97 -- 

Cotton hull ash 5.30 1.20 5.90 
Husk ash 0.67 0.62 0.89 
Grass, rush or thatch ash 8.10 2.10 10.70 
Corn cob ash 17.25 3.41 -- 

Peanut shell ash 6.45 1.23 -- 

Sunflower stem ash 36.30 2.50 18.50 
Buckwheat straw ash 35.30 2.50 18.50 
Coal ash 0.07-0.20 0.18-0.43 25.41 


Green Manures 


I. Nutrient Contents of Principal Kinds of Green Manure 


| Nutrient contents (% of chlorenchyma) 
Nitrogen | Phosphorus | Potassium 








Name of green manure Moisture (N) (P205) (K20) 
Winter green manure 

Chinese milk vetch 88.0 0.33 0.08 0.23 
Chinese trumpet creeper 

{vetch] 82.0 0.56 0.13 0.43 
California bur clover 83.3 0.54 0.14 0.40 
Field-fertilizing radish 90.8 0.27 0.06 0.34 
Green pea 81.5 0.51 0.15 0.52 





Summer green manure 


Sesbania 80.0 0.52 0.07 0.15 
Zhushidou [6277 1452 

6258] 80.5 0.57 0.07 0.17 
Tamarisk hemp -- 0.78 0.15 0.30 
Mung bean -- 0.52 0.12 0.93 





Short-season green manure 


Mud beans 80.0 0.62 0.08 0.72 
Horse beans -- 0.62 0.11 0.30 
Azolla 89.0 0.30 0.04 0.13 

















[Table continued] 
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[Table continued] 














Nutrient contents (% of chlorenchyma) __ 
Nitrogen | Phosphorus | Potassium 
Name of green manure Moisture | _ (¥) (?205) (K20) 
Northern green manure 
Soybeans -_ 0.58 0.08 0.73 
Lupine -- 0.50 0.11 0.25 
Fodder beans (dry) -- 3.34 1.79 3.03 
Shrub lespedeza 79.0 0.59 0.12 0.25 
Rape -- 0.40 0.15 0.45 
Chinese hairy trumpet 
creeper -_ 0.50 0.10 0.45 
Chinese smooth trumpet 
creeper -- 0.45 0.10 0.30 
Long-season or perennial 
green manure 
Wood beans 70.0 0.64 0.02 0.52 
False Indigo 60.9 1.32 0.30 0.79 
Alfalfa -- 0.56 0.18 0.31 
Red clover 73.0 0.36 0.06 0.24 
Sweet clover -- 0.52 0.04 0.19 
Bitter beans (dry) -- 1.57 0.20 0.38 
Fresh mountain soy- 
beans (gray leaf 
beans) 72.8 0.76 0.09 1.43 

















II. Growth Characteristics of Some Kinds of Principal Green Manure, 
Their Cultivation and Utilization 


l. Sweet Clover 


Growth characteristics: Sweet clover is an annual or a biennial 
leguminous green manure. There are two varieties, one having white 
flowers and the other yellow flowers. Sweet clover is an erect plant 
which may reach 1-3 meters high and gives off a fragrance. Its root 
system is well-developed, with the main root descending 1-2 meters deep 
into the soil. Having numerous root nodules, it has a strong capacity 
for fixing nitrogen from the atmosphere. During the late stage of 
growth, however, it is liable to become lignified. Sweet clover has a 
relatively high degree of adaptability. It is tolerant of drought, poor 
-goil, and salt and alkali. It can grow in soil with a salinity of under 
0.5 percent. Sweet clover also is remarkable for its cold resistance. 
Seeds can germinate in 2-3°C temperatures and pass the winter within 
20-25°C below zero. However, its tolerance to waterlogging is relatively 
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poor. It cannot grow well in soil with a high moisture content. Seeds 
propagate abundantly. Each mu of sweet clover can yield in excess of 
100 jin of seeds. The rate of growth is relatively rapid. Sweet clever 
planted in spring can produce about 1,000 jin of greens after 2 months 
of growth and that grown in association with a wheat crop can yield 
1,500-3,000 jin of greens 2 months after the wheat is harvested. Each 
1,000 jin of the plant mate ial contains 5.2 jin of nitrogen, 0.4 jin of 
phosphorus and 2.9 jin of potassium. 





> 
Fd 
> 


Sir oe 
; oNIB 


Figure 3-1. Sweet Clover 


Essentials of cultivation: When seed purity and seed germination rate 
are both above 95 percent, the seeding rate per mu of sweet clover 
should be 1.5-2 jin. Sweet clover grown for seed should be planted in 
rows 30 centimeters apart. When cultivating sweet clover for green 
manure, the distance between rows may be 15-20 centimeters. When spring 
wheat and sweet clover are interplanted (companion crop), a row spacing 
of 30 centimeters may also be adopted. The depth of seeding should be 
2-3 centimeters. Whether seeding is done in the spring or autumn may be 
determined in accordance with arrangements for an opening in crop rota- 
tion and with local conditions. Spring seeding of the annual variety 

is mostly practiced. The coat of a sweet clover seed is hard. After 
sowing, it is not easy for the seeds to sprout completely. Therefore, 
before seeding, the seeds should be treated with warm water or the seed 
coat should be scratched so as to facilitate the attainment of a full 
seedling stage. With the biennial variety of sweet clover, the timing 
of cutting and the height of the stubble should be grasped before the 
plants spend the winter in a dormant state. Generally, at the time of 
the first cutting, consideration should be given to refraining from 
affecting the formation of overwintering buds. Hence, the height of 
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the stubble should not be less than 10 centimeters. It is permissible 
that the second cutting be carried out after Frost Falis (about 

23 October-6 November) so that the dormant buds will not sprout before 
winter dormancy which would bring on winter kill. 


Utilization: Sweet clover may be seeded with companion crops (mostly 
with spring wheat in the Northeast region) before winter wheat becomes 
green again following dormancy or spring wheat is weeded for the first 
time. It grows for a period of time after the harvest, then it is 
turned under to serve as a base fertilizer for wheat or other late 
autumm crops. On row crop land, sweet clover may be seeded with conm- 
panion crops in early autumm and turned under the following spring to 
serve as a base fertilizer for paddy rice or it may be sown in early 
spring and turned under to serve as a base fertilizer for crops sown 
late in the growing season. In saline-alkali soil or on sandy waste 
land, it may be sown in the spring for cutting or for seed. 


2. Chinese Hairy Trumpet Creeper [maoye tiaozi] 


Growth characteristics: Chinese hairy trumpet creeper is an annual or a 
hibernal annual leguminous green manure. The whole plant is downy, with 
soft foliage and trailing stems. Its main root may descend as much as 

3 meters into the soil and its lateral roots are well-developed. Since 
many nodules are formed on the roots within the surface layer of the 
soil, the plant has a strong capacity for fixing nitrogen from the 
atmosphere. Belonging to the winter type of plants, Chinese hairy trumpet 
creeper is relatively highly cold-resistant and shade-tolerant, but it is 
not tolerant of heat. Therefore, it should be seeded in the autum, or 
it may be sown in icy conditions just before thawing begins in early 
spring. Chinese hairy trumpet creeper is not resistant to waterlogging 
during the young seedling stage, and after the seedling stage, its drought 
resistance is increased. In the Guanzhong (area south of the Great Wall) 
area in Shaanxi Province, Chinese hairy trumpet creeper crops green up in 
late February of the following year and are harvested in mid-June. The 
entire growth period in the field is between 240 and 330 days. Trumpet 
creepers seeded with companion crops after the autumn harvest may yield 
500-1,500 jin of green material per mw after Frost Falls and as much as 
1,000-2,000 jin before the planting of cotton in April. In addition, 
they may produce 250-300 jin of fresh roots per mu in the surface layer 
of the soil. Each 1,000 jin of plant material contains about 5 jin of 
nitrogen, 1 jin of phosphorus and 4.5 jin of potassium. 


Essentials of cultivation: Chinese hairy trumpet creeper as a green 
manure may be seeded along with such companion crops as corn, millet, 
panicum and gaoliang. It is better to companion-crop it with corn and 
most ideal to plow it under to fertilize the soil of cotton fields. Good 
results can also be expected when Chinese hairy trumpet creeper is grown 
in cotton fields where dense planting on widely spaced rows is practiced. 
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Figure 3-2. Chinese Hairy Trumpet Creeper 


Chinese hairy trumpet creeper sown in icy condition just before the begin- 
ning of the spring thaw may serve as green manure for paddy rice, sweet 
potato and intermediate-maturing corn. Summer corn or winter wheat may 

be sown after the harvest in plots where Chinese hairy trumpet creeper has 
been grown for seed. Since it is required that green manure crops produce 
a great bulk of herbage, they should be seeded early with companion crops. 
The suitable seeding time is between mid-July and early August and the 
rate of seeding is 6-8 jin per mu. For fresh seeds, the percentage of 
seedling emergence is only 40 to 60 percent. Therefore, it is necessary 
to treat seeds for 24 hours with warm water, consisting of “two parts 
boiling water and one part cold water," so that it will advance seedling 
emergence by 2-4 days. Covering the seeds with soil to a depth of 4-6 
centimeters is considered suitable. In case of soil drought soon after 
seedling emergence, irrigation should immediately be carried out once or 
twice in order to promote normal ¢rowth of the plants and prevent infesta- 
tions by crickets. Chinese hairy trumpet creeper grown as a companion 
crop should be provided with good growth conditions after the fore crop 

is harverced, so as to promote formation of its latent buds. If the 
conditions are present, winter irrigation should be carried out so that 
the Chinese hairy trumpet creeper will pass the winter safely. In the 
spring, there is also a need for spring irrigation to hasten the plants 

to resume growth and put out foliage. The additional application of a 
phosphatic fertilizer will increase the yield of herbage and this may be 
done before winter irrigation is carried out. The application of a small 
quantity of nitrogen fertilizer before the green-up stage will promote 

the regeneration of new stems -nd leaves. After Chinese hairy trumpet 
creeper grown as a companion crop is harvested, it is also necessary to 
harrow the ground with a spike-toothed harrow so as to break up the soil 
crust and conserve soil moisture. 
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Utilization: When Chinese hairy trumpet creeper is grown as 2 green 
manure crop in cotton fields, two methods of turning under are usually 
practiced: pre-winter plowing and spring plowing. Crops plowed under 
in the winter will decompose early and become putrefied before the 
planting of cotton the following year. When they are plowed under in 
the spring, they will not become decomposed until afer cotton is sown. 
There is a difference of about 20 days in the time of decomposition 
between these two methods of turning under. However, the yield of 
herbage is relatively low when pre-winter plowing is practiced. On the 
other hand, when spring plowing is practiced, both the yield of herbage 
and its effectiveness as a fertilizer are high. But irrigation is 
usually required after the green .snure crops are plowed under. In this 
way the soil temperature in the cotton fields will easily be lowered. 
Also, when the plant material decomposes relatively late, it is apt to 
bring about poor stands because of missing seedlings. The method of 
plowing under a Chinese hairy trumpet creeper crop consists of first cuc- 
ting the plants up into small pieces with a disk harrow and airin, or 
sunning them for 12-24 hours (in the spring, airing or sunning iuem need 
not be considered so as to avoid any loss of soil moisture), then turning 
them under. Irrigation must be carried out after Chinese hairy trumpet 
creeper crops are plowed under in the winter. On the other hand, if 
irrigation is not to be carried out after they are plowed under in the 
spring, the plant material must immediately be covered with soil to con- 
serve moisture so as to create favorable conditions for the planting of 
cotton and the utilization of the green manure by the cotton fields. 


3. Alfalfa 


Growth characteristics: Alfalfa is a kind of perennial leguminous forage 
and green manure crop. The plant is erect, thick and spreading. The 
main root attains great depth and may descend as much as 2-5 meters. The 
stem is 1 meter high or over. Alfalfa is tolerant of poor soil and 
resistant to drought. Its adaptability is quite wide. It is winter hardy 
and can grow in average soil, but not in places where the underground 
water level is high or which are under water for a long period of time. 
Its resistance to salt and alkali is only average, but it can also grow 
well in soil containing less than 0.3 percent soluble salt. During the 
young seedling stage, roots develop more rapidly than stems and leaves. 
When nodule bacteria are used in making an inoculation, the yield of 
herbage will be increased manifestly. In general, each 1,000 jin of 
fresh foliage contains 5.6 jin of nitrogen, 1.8 jin of phosphorus and 

3.1 jin of potassium. 


Essentials of cultivation: Alfalfa seed is small and young seedlings 
develop slowly. For this reason, the requirements for land preparation 
prior to planting are relatively exact. Given conditions that the seed 
germination perceriage is over 90 percent and seed cleanliness is not 
lower than 95 percent, the seeding rate should be 1.5-2 jin per mu. 
Generally, if row seeding is carried out with a 15-centimeter-wide drill, 
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alfalfa may be sown alone or mixed with wheat, rape and other crops. It 
may be sown in the spring or in the autumn. The sowing depth should be 
about 2 centimeters. Although alfalfa is drought-resistant, its moisture 
requirement is relatively large. During its growth period, a proper 
amount of irrigation at appropriate times must be carried out before the 
yield of herbage can be increased. Each year two or three hay crops may 
be gathered, but after each cutting, irrigation must be carried out. In 
the Xinjiaug region, where the moisture condition an the soil is suitable 
in early spring, the ground must be broken up with a disk harrow so as to 
stimulate the alfalfa plants to branch out vigorously and to root rapidly. 
If alfalfa crops are managed well, each mu of field should yield in 
excess of 1,000 jin of hay annually. Relatively speaking, there are 

many kinds of disease and insect pest of alfalfa. When a disease or 
infestations by damaging insects are severe, chemical spraying should be 
carried out as a means of control. Alfalfa grown for seed should be left 
to go to seed after the first cutting. 





A Fruit branch 
Figure 3-3. Alfalfa 


Utilizat‘on: Fresh alfalfa foliage and alfalfa hay are fodder high in 
nutritive value. The growing of alfalfa in conjunction with the develop- 
ment of animal husbandry will produce results of simultaneously improving 
the soil and cultivating the productivity of the soil. Due to the fact 
that the root systems of alfalfa are well-developed and penetrate deep 
into the soil, they can very well improve the physical behavior of the 
soil, increase the granular structures and reise their capacity for 
retaining moisture and fertility. In alfalfa fields the fertilizing 
effect remains relatively good with 2 to 3 years after the crops are 
plowed und*r. In Northwer China and in the Xinjiang region, alfalfa 

is plowed under after 3 years of growth (alfalfa crops do not occupy the 
land in the first year since they are seeded in mixtures with such crops 
as wheat and rape). Relatively good yields are obtained when the fields 
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are planted to wheat, corn, cotton and sugar beet after the alfalfa crops 
are turned under. Also, there are fields planted to winter wheat after 
alfalfa is sown in the spring and plowed under in the autum. When plow- 
ing under alfalfa crops, especially those that have grown for 3 years, 
attention should be paid to the quality of plowing. The root s“ubble 
must first be cut, and then plowed under, otherwise its capacity for 
regeneration will remain strong and may have an adverse effect on the 


following crop. 
4. Sesbania 


Growth characteristics: Sesbania is an annual leguminous green manure 
crop. The plant is erect, 2 to 3 meters high, with numerous branches and 
a well-developed root system. The main root may attain a depth of 

2 meters and lateral roots develop a large number of nodules. Therefore, 
sesbania has a strong capacity for fixing atmospheryic nitrogen. Origi- 
nally, it was a green manure crop cultivated mainl:' in South China. 

Today, after having been acclimatized, it can be giown for seed in the 
Lutai [5684 0669] Farm as well as other places in Hebei Province. The 
seed is cylindrical in shape and deep green in color, and the weight per 
1,000 grains is about 15 grams. Sesbania is a highly salt-resistant crop. 
It can sprout smd grow even when the soil contains 0.6 percent whole salt. 
It is also highly waterlogging resistant. Furthermore, it can also grow 
well on sandy waste land and in unproductive soil. Sesbania has a rapid 
rate of growth and its yield of herbage is high. Each 1,000 jin of 
herbage contains 5.2 jin of nitrogen, 0.7 jin of phosphorus and 1.5 jis 
of potassiun. 


Flower 





Figure 3-4. Sesbania 
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Essentials of cultivation: The seeding time for sesbania is early to 
mid-April in the southern part of the country and early May or after the 
wheat harvest in the north. The rate of seeding is 4-6 jin per mu and 
the depth of seeding is 3-4 centimeters. Im the south, sesbania crops 
sown in the spring may be cut two or three times at different periods 
to be made into compost. In North China, sesbania crops rush-planted 
among the stubble right after the wheat harvest may yield 1,500-3,000 
jin of herbage per mu after 50-60 days of growth. If a phosphatic 
fertilizer is applied to add nitrogen to the soil, the yield may be 
increased twofold. During the seedling stage, sesbania grows slowly 
and in case of drought, an appropriate amount of irrigation must be 
carried out. Sesbania is prone to infestations by leaf rollers. If 
such are severe, chemical spraying should be used as a means of control. 


Utilization: Owing to its strong resistance to salt, sesbania may be 
used to improve the soil in saline-alkaline land. In marshland, where 
each year wheat fields are inundated after one crop, sesbania may be 
grown in association with the wheat crop or with multiple crops on the 
same field after wheat is harvested and plowed under in the autum, 
after which winter wheat is sown. In Hebei and Shandong provinces, 

corn and gaoliang fields may be utilized for planting sesbania as a com- 
panion crop the last time the fields are cultivated. After the corn and 
gaoliang crops are harvested, the sesbania may be allowed to grow until 
October before it is plowed under. 





5. Chinese Milk Vetch 


Growth characteristics: Chinese milk vetch is a perennial leguminous 
green manure crop grown in the paddy fields of South China. During ita 
seedling stage, the plant grows thick and spreading, with numerous 
branching stems, a large and thick principal root, and well-developed 
lateral roots. It may attain a height of about 1 to 1.5 meters. Chinese 
milk vetch is known for its wide adaptability, but it is weak in cold 
resistance and is not tolerant of salt. Its yield of herbage is rela- 
tively high. The joints of a plant of the late-maturing variety elongates 
the fastest from the time of budding to the early stage of flowering, 
while these of a plant of the early-maturing variety elongates the fastest 
from early flowering to peak flowering. The early stage of flowering 
occurs in the first 10 days of April and peak flowering takes place in 

the last 10 days of the month. This means that the early-maturing 

variety starts elongating about 7 days earlier than the late-maturing 
variety. The date of seed maturity of the early-maturing variety is 
mid-May and this is about 5 days earlier than that of the late-maturing 
variety. The entire growth period is approximately 245 aays. Generally, 
each 1,000 jin of herbage contains 3.3 jin of nitrogen, 0.8 jin of phos- 
phorus and 2.3 jin of potassium. 
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Figure 3-5. Chinese Milk Vetch 


Essentials of cultivation: In order to obtain a high yield of Chiuese 
milk vetch it is necessary to guarantee a compiete emergence of seedlings, 
maintain the growth of 400,000 to 600,000 seedlings per mu, and strive for 
healthy seedliugs to spend the winter in a dormant state and to develop 
early and grow vigorously in the spring. Ip the field, it is necessary 
to open drainage ditches so that aboveground water as well as underground 
water can drain off. Generally, Chinese milk vetch is sown when the 
panicles of late-maturing rice begin to bend. The seeding rate is 6-7 
jin per mu. This should be increased accordingly when Chinese milk vetch 
is planted on poor land or in late sown fields. In seed plots the seeding 
quantity should be 4-5 jin per mu. Before sowing, the seeds should be 
crushed with « stone roller a couple of times or until the seed coat 
becomes fuzzy. Then a 7-8 percent salt brine or an aqueous solution of 
ammonium sulfate should be used to clean out sclerotia. Following this, 
clear water is used to wash the seeds before spreading them out to dry 

in the shade. Finally, the seeds are treated with Chinese milk vetch 
nodule bacteria. During its entire growth period, the requirements of 
Chinese milk vetch are for soil that is wet, but not soggy. For 2 or 3 
days after seeding, no water must collect on the surface of the field. 

If the soil is dry after the dowble-cropped late rice is harvested, a 
“horse-racing form of watering” should be carried out at the proper time. 
If rainfall is relatively abundant in the spring, it will be necessary to 
continue clearing the irrigation ditches and drain thoroughly any rain 
water that has accumulated. The use of a phosphatic fertilizer as a 
starter fertilizer at the time of seeding, the pre-winter spreading of 
200-300 jin of wood ash per mu te maintain a proper temperature in the 
soil, and the application of a small amount of a nitrogen fertilizer or 
liquid manure will all have a striking effect on increasing the yield of 
herbage. During the growth period of Chinese milk vetch, care should be 
taken to control infestations by leaf miners, root miners, thrips and 
aphids, and infection of sclerotinia rot. Well-drained plots should be 
selected for use in the production of seed and attention should be paid 
to the control’ of cutworms. 
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Utilization: Generally, turning under Chinese milk vetch crops for 
green-manuring should begin at the time of the Qingmi g Festival [about 

5 April]. From the early bloom period to the full bloom stage, it is 
necessary to do well the work of plowing under plant material in low 
water and nourishing the fields in still water so as to increase the 

soil temperature and preserve soil fertility, and accelerate decomposi- 
tion of the plant material. Three to 5 days after plowing, rice seedlings 
may be transplanted. In addition, the seeding of Chinese milk vetch in 
the spring as a companion crop in wheat fields also can bring in a cer- 
tain yield of herbage to be used as a base fertilizer for summer crops. 





6. Chinese Trumpet Creeper 


Growth characteristics: Chinese trumpet creeper, also known as common 
vetch, is a hibernal annual or biennial green manure crop. Its stems are 
relatively thin and spreading. The main root is somewhat thick and lat- 
eral roots are well-developed. At the tip of each leaf blade there are 
tendrils which enable the plant to climb upward. The flowers are 
purplish-blue in color and the pods are rectangular in shape. Seeds are 
round and dark brown and the weight per 1,000 grains is 16-17 grams. 
Chinese trumpet creeper has relatively wide adaptability and is tolerant 
of poor soil. Generally, each 1,000 jin of green material contains 5.6 
jin of nitrogen, 1.3 jin of phosphorus and 4.3 jin of potassium. 


Essentials of cultivation: Chinese trumpet creeper is grown in inter- 
mediate rice fields along the middle and lower reaches of the Yangtze 
River between late August and early September. It is necessary to seize 
that time to rush-plant Chinese trumpet creeper crops while the moisture 
content of the soil is still adequate to support growth and to do well 
the work of plowing, raking and sowing at the same time. When the air 
temperature is 20-25°C, seedlings will emerge about 7 days after sowing. 
If Chinese trumpet creeper is to be grown as a companion crop in late- 
maturing rice fields, seeds should be sown uniformly when the panicles 
of rice hang down to scatter their grains and when the rice fields are 
drained at the appropriate time. At the time of sowing, a phosphatic 
fertilizer should be mixed in with the seeds so that the seedlings will 
come out strong and branch shoots will form well before winter arrives. 
The seeding rate is 7-10 jin per mu. Salt water should be used to sepa- 
rate sclerotia from the seeds. Chinese trumpet creeper grown for seed 
may be sown in mixture with some late-maturing rape as support for the 
climbing Chinese trumpet creeper plants in order to facilitate air circu- 
lation and light transmittance, and increase seed production. An addi- 
tional application of nitrogen or phosphatic fertilizer in the spring 
can promote growth and development. Also, attention should be paid to 
draining off water accumulated in the fields and controlling such 
diseases and insect pests as aphids, sclerotinia rot and powdery mildew. 





Utilization: The plowing under of Chinese trumpet creeper crops should 
be carried out about a week before the transplanting of rice seedlings 
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begins. If the yield of Chinese trumpet creeper is high or the turning 
under of the Chimese trumpet creeper crop tends to be late, a portion of 
the plant material may be cut and transported to paddy fields where the 
yield of herbage is low or a small amount of lime may be applied accord- 
ingly to accelerate the decomposition of chlorenchyma and neutralize 
excessive organic acids. 


7. Azolla 


Characteristics: Known also as red du. kweed and manjianghong [3341 3068 
4767], azolla are floating plants belonging to the pteridophytes. They 
are symbiotic with fishy algae and capable of fixing atmospheric nitrogen. 
Possessing such special characteristics as proliferate growth, high yield, 
rapid rate of decomposition and remarkable fertilizing effect, they are 
good for green-manuring paddy fields in South China. Each 1,000 jin of 
fresh azolla contains 3 jin of nitrogen, 0.4 4in of phosphorus and 1.» 
jin of potassium. 








Figure 3-6. Azolla 
l--Spore fruit of azolla; 2--Overall shape of plant; 
3--Portion of herbage of plant magnified. 


Cultivation and utilization: The cultivation of azolla in paddy fields to 
cover the entire surface of the water can inhibit the emergence of weeds. 
Azolla are adapted to a warm climate. In 20-25°C temperatures, they can 
multiply twofold within 3 to 5 days, but when the temperature is below 
10°C or above 35°C, their growth will slow down, and in the worst case, 
propagation will be halted or death will occur. The application of a 
phosphatic fertilizer can accelerate the propagation of azolla and pro- 
mote the health of the plant. Although nitrogen fertilizer can speed up 
propagation in the initial period, its application may lower the ability 
of azolla to fix atmospheric nitrogen due to the fact that the plant body 
is delicate and weakens easily. The application of wood ash can bring 
relatively good results. Fertilizer application methods consist of 
dissolving in water the chemical fertilizer to be used and spraying the 
solution at the rate of 2-4 jin per mu in conjunction with the chemical 
control of insect pests, and spreading the wood ash at the rate of 60-100 
jin per m directly on the algae when it is still wet with dew. The 


118 








planting of azolla may be carried out in four stages, namely: overwinter 
cultivation, spring propagation, oversummer cultivation and autum propa- 
gation. 


(1) Overwinter cultivation: The key to the overwinter cultivation of 
azolla lies in selecting the azolla species and grasping the temperatures. 
Generally, the species of azolla to be cultivated should already be 
selected between Frost Falls [about 23 October-6 November] and Beginning 
of Winter [about 7-21 November]. It is required that the plant body of 
the azolla species selected be triangular in shape, thick and healthy, 
with a red center and green margins, branches densely arranged, and 
white roots. Place the species in an overwintering bed. The dimensions 
of the bed should be about 0.3-0.5 percent of the field cultivation area. 
If azolla are to be cultivated in a l-mu field, then 2-4 jin of azolla 
species are required. The specific method of overwinter cultivation of 
azolla is as follows: 


(a) Thick azolla should be adopted for overwintering in areas where 
temperatures are relatively high. In areas where there is little freezing 
or the freezing season is of short duration, a small pond or a plot of 
farmland that is sunny and sheltered from the north wind should be 
selected. The plot should be divided into ridged areas. Each ridged area 
should be 150 centimeters wide and run from east to west so as to keep the 
north wind from blowing on the azolla species. When seeding the bed, the 
azolla species should be piled on one another so as to form a thick layer 
red on the surface and green underneath. Insect control, fertilizer 
application and light irrigation should be kept up. A coat of wood ash 
should be spread on top of the azolla in order to maintain a proper 
temperature underneath. Care should be taken not to disturb the azolla. 
"Roof windows" should be opened at the water surface so that the azolla 
will pass the winter safely. 


(b) In areas where freezing occurs in the winter or the freezing season 
is of long duration, plastic sheets and woven straw may be used as covers 
to control the temperature in the azolla bed in the winter. A patch of 
field that is fertile, sunny, situated away from the wind, and convenient 
to irrigate should be selected as the bed for the overwintering azolla. 
It should be 130 centimeters in width, with its ridge on the north side 
44 centimeters high and that on the south side 14 centimeters high, form- 
ing an enclosure 18-25 centimeters deep. Rotted farm manure, calcium 
superphosphate and ammonium sulfate should be applied at the rate of 
about 2,000 jin, 20 jin and 5 jin per m, respectively. These are to be 
mixed uniformly and leveled off. The bed should be seeded with the azolla 
species selected before the arrival of the cold currents of winter or 
before freezing. The rate of seeding should be somewhat higher, at about 
1,000 jin per mu, so that neither is the bed crowded nor has empty space 
left. The framework of the bed should be strong. The plastic sheets 
used to cover the bed should be airtight so that the temperature can be 
regulated at above 0°C. The growth condition of the azolla should be 
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inspected frequently and irrigation should be carried out diligently so 
as to maintain a fixed water level. Also, insect control and fertilizer 
application should be kept up so as to increase the capability of the 
azolla to undergo winter dormancy. Generally, except for rain or snow, 
the woven straw used as covers for the azolla bed should be lifted at 
0900 hours and put back on at 1500 hours. If there are changes in the 
weather, the bed should be covered tightly. If the temperature inside 
the bed exceeds 25°C, the woven straw should be lifted in order to give 
the azolla a chance to harden. If the bed is toc crowded, the azolla 
should be split up and part of it moved elsewhere. 


(2) Spring cultivation and field cultivation: Azolla begin to multiply 
after the Vernal Equinox [about 21 March], when the air temperature rises 
to about 10°C. At this time, management of the azolla bed must be 
strengthened in order to guarantee the emergence of healthy azolla. 

Prior to the Vernal Equinox, it is necessary to prepare well the azollze 
field by applying an adequate amount of base fertilizer, leveling the 
ground with a rake and building small ridges. At the right time, trans- 
fer the azolla species in batches to the field and distribute them evenly. 
Do not pile them up. Apply follow-up fertilizer diligently and carry out 
insect control at appropriate times. Azolla may be placed in early- 
maturing rice fields just before or after the transplanting of rice seed- 
lings. It is proper to place the azolla in such fields early and in iarge 
quantity (for example, 400-800 jin to a mu). Between Grain Fills [between 
21 May and 5 June] and Grain in Ear [between 6 and 20 June], in the case 
of early-cropping rice, it is necessary that the azolla be turned under 

in conjunction with cultivation aimed at loosening the soil and removing 
weeds so that the algae may serve as a follow-up fertilizer. Also, iime 
or a 2 percent urea spray may be used to work the algae into the soil. 
Azolla may be placed in single-crop late-maturing rice fields before the 
transplanting of rice seedlings. They may be turned under to serve as a 
base fertilizer after the fields are drained at the time of soil prepara- 
tion. Any azolla left over may be allowed to propagate and used as 
follow-up fertilizer. 


(3) Oversummer cultivation: When the weather turrs hot between early 
July and mid-August, azolla age and enter the oversummering stage. The 
key to oversummering management lies in controlling insect pests and 
lowering temperatures. Ponds, dikes, ditches and single-crop late- 
maturing rice fields that are shady, airy and have easy access to a water 
source should be selected as oversummering places for the azolla. When 
it gets especially hot, sprinkling water to lower the temperature may 
bring good results. When it is hot and humid, special attention should 
be paid to the inspection and control of insect pests. If people get a 
little careless in performing this work, the azolla may sustain damage of 
a ruinous nature within a few days. During the oversummering period, the 
plant body of the azolla grows at a slow rate and its capacity for fixing 
atmospheric nitrogen becomes weak. The application of a nitrogenous 
fertilizer at the rate of 1-2 jin per mu in conjunction with insect con- 
trol will have a good effect on the oversummering azolla. 
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(4) Autumn propagation: Propagation of azolla in the autumn is basically 
the same as that in the spring, only that the water surface used for cul- 
tivation in the autum is that of ditches, streams and ponds. Take care 
to apply fertilizer and control damaging insects diligently. 


Chemical Fertilizers 


I. Nitrogen Fertilizers 
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Name of ss Crops suitable | Pertinent items to be 
fertilizer | 5 4.5 Cansnetersetses for application noted 
i One 
Zz uUY~ 
Urea 44-48 | White or pale Various crops Fertilizing effect is 
[CO(NH>)>] yellow acicular | such as paddy slightly slower than 
crystals or rice, wheat, that of ammonium 
granules; its corn, gaoliang, | nitrate; roots of 
hygroscopicity | millet, cotton, | young seedlings are 
is relatively soybean, sugar | liable to poisoning 
high; nitrogen | beet, tobacco, | when they come into 
exists in the vegetables and | contact with urea, so 
amidic state. fruit trees. it is not suitable for 
use as a seed ferti- 
lizer; its nitrogen 
content is relatively 
high and if the per 
mu application rate 
is not high, it may 
be mixed with soil or 
diluted with water 
for use so that its 
application will be 
uniform. 
Ammonium 20-21 | White crystals; | For use on gen- | Not to be mixed for 
sulfate it is acidic eral crops, such| use with lime or wood 
[ (NHg) 2804] physiologically,| as paddy rice, | ash; when applied in 
hygroscopic and | wheat, corn, areas of acid soil, 
easily soluble | gaoliang, attention should be 
in water; nitro-| millet, legumes,| paid to the problem of 
gen exists in cotton, sugar acidification of the 
the ammoniacal | beet, tobacco, soil; when applied in 
state. the hemp group, | areas of alkali soil, 
vegetables and j|care should be taken 
fruit trees. to cover it with soil 
in order to prevent 
volatilization of 
ammonia. 
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[Table continued} 











a 
ow 
Name of - & Crops suitable | Pertinent items to be 
fertilizer | 5.2 Characteristics | ¢.,. application noted 
SRE 
Ammonium 32-35 |White crystals; | For use on gen-/; It absorbs moisture 
nitrate it is hygro- eral crops, from the air and cakes 
(NH4NO3) scopic and such as wheat, | readily, so care 
explosive; when | corn, millet, should be taken to 
it cakes, it gaoliang, use one bag before 
must not be cotton, vege- opening another, and 
sealed and tables and if one bag cannot te 
crushed vigor- | fruit trees. used up at one time, 
ously; nitrogen it should be riaced 
exists in the inside a pot °c: barrel 
ammoniacal and covered up in 
state--the order to protect it 
state of nitric against damp; its 
acid. content of nitric 
nitrogen cannot be 
absorbed by soil 
colloids, therefore 
it is easily lost by 
leaching; it is not 
suitable for use as a 
starter fertilizer in 
paddy fields and it 
should be applied in 
the furrows in dry 
fields and then 
covered with soil; it 
should not be mixed 
with an alkaline ferti- 
lizer for use. 
Ammonium 17 White crystals; | Paddy rice, It is volatile, there- 
bicarbonate it is hygro- wheat and fore it is not suitable 
(NH,HCO3) scopic and barley, corn, for use in greenhouses 
decomposes cotton, vege- in order to avoid 
easily at high | tables, etc. injury to plants by 
temperatures subjecting them to 
(35-60°C); it the action of fumes; 
is easily solu- it is suitable for use 
ble in water; as a follow-up ferti- 
nitrogen exists lizer; in dry fields 
in ammoniacal it is required that it 
state. be applied to a great 
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[Table continued] 





Name of 
fertilizer 


Nitrogen 
content 


(%) 


Characteristics 


Crops suitable 
for application 


Pertinent items to be 
noted 





Ammonium 
bicarbonate 
(continued) 


depth and covered 
immediately with soil; 
in paddy fields it may 
be applied in conjunc- 
tion with harrowing 
and weeding; for vege- 
table crops it may be 
applied together with 
watering; when used as 
a top-dressing, it 
must not come into 
contact with the stalks 
and foliage of plants. 





Ammonium 
chloride 


(NH,C1) 





24-25 





White or pale 
yellow crystals, 
powder or 
granules; it is 
more hygro- 
scopic than 
ammonium sul- 
fate, but less 
than ammonium 
nitrate; it is 
easily soluble 
in water; nitro- 
gen exists in 
the ammoniacal ~ 
state. 





Paddy rice, 
wheat, corn, 
gaoliang, 
millet, vege- 
tables, etc. 





It must not be mixed 
for use with lime or 
wood ash; it is not 
right that it be 
applied to saline- 
alkali soil; it is 
not suitable for use 
on such chlorine- 
avoiding crops as 
tobacco, sweet 
potato, potato, 
grapes, fruit trees 
and onions; it is not 
suitable for use as a 
starter fertilizer; 
in waterlogged farm- 
land it should be 
used as a follow-up 
fertilizer. 
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{Table continued] 











= 
ow 
Name of ss Crops suitable | Pertinent items to be 
fertilizer | 5@. enemas for application noted 
— Or 
zu~ 
Aqua 15-17 | Colorless or For application | It should be applied 
ammonia black liquid; to paddy rice, | to a great depth and 
(NWH,OH) it has an alka- | wheat, corn, then covered immedi- 
line reaction gaoliang, ately with soil; wha 
and a pungent millet, tobacco,} applied to dry tields, 
odor; it is vegetables and | it is even more impor- 
highly vola- fruit trees. tant that it should 
tile; nitrogen not be spread on top 
exists in the of sandy soil; d~ to 
ammoniacal its high volatility, 
state. contact between aqua 
ammonia and the roots, 
stalks and foliage of 
crops should be 
avoided so as to pre- 
vent injury to the 
plants; it is not 
suitable for use in 
green houses because 
air circulates slowly 
inside a sunny space 
and the ammonia fumes 
will easily cause 
injury to the plants. 
—Lime- 20-22 | Black or dull For such crops | When it has not been 
nitrogen gray superfine | as paddy rice, | converted sufficiently 
(CaCN>) powder; it is cotton, wheat, | in the soil, cyanamide 








highly hygro- 
scopic; after 
it absorbs 
moisture, it 
expands in 
volume and 
decreases in 
quality; it is 
toxic; nitrogen 
exists in the 
amidic state. 





the hemp group, 
tobacco, fruit 
trees and 
sugarcane. 





may be produced to 
kill the seeds or 
growing crop; if used 
as a starter ferti- 
lizer, it should be 
applied half a month 
prior to seeding or 
transplanting; if used 
as a follow-up ferti- 
lizer, it may be mixed 
with 10 times as much 
soil and set in a pile 
(moisture content to be 
maintained at 30%) for 
10-20 days before 
application; it is not 
suitable for use in 


alkali soil. 
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{Table continued } 








r=] 
os 
Name of ss Crops suitable | Pertinent items to be 
fertilizer | 52. ave for application noted 
~~ On 
zuU~ 
Calcium 20-21 | Light gray or It may be In storage it should 
ammonium- brown granules; | applied to all | be sheltered from the 
nitrate it is not very (| dry land crops; | rain and insulated 
(NH,NO3°- hygroscopic; it | it is also from dampness; use up 
CaC03) is explosive, suitable for one bag after it is 
so after it use on the hemp opened; if the bag 
cakes, it must /| group, wheat, cannot be used up, 
mot be crushed [| corn, tobacco, | care should be taken 
with force when | fruit trees, to store it properly 
it is packed vegetables, at all times; it is 
airtight; etc. suitable for applica- 
nitrogen exists tion to acid soil, 
in both the but cannot be mixed 
ammoniacal state for use with calcium 
and nitric superphosphate; if it 
state. becomes damp, it may 














be mixed with 40-50 
times as much water 
for application by 
spraying; when used 
in areas where people 
have the habit of 
applying lime, this 
fertilizer should be 
applied at an inter- 
val of 1 week either 
before or after lime 
application. 
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IV. 


Compound Fertilizers 

















a | (2) @) ae & 8® 
& *)> «tae aa ? 

| : min) Peay wae 
(7) am—a(kme) NEUE,PO | 1~12 86 - 
(8) 9R=6 (ERS vHy,HPO, an | n~s | - 
ane | Oia ee 
Ud)aaes _ ~KNO, a o~e 
(11) aaee «KP - | oo | 
a2vaee KsPO, | om r 
(13) gazeme 8 =—&« NEP, GHP, 8~3 13~14 - 

2 | 
(14ae8 | SNH PosK OB. | | ieatae.t 
Name 


Chemical composition 

Nutrient contents (2) 

Nitrogen (N) 

Phosphorus (P20s) 

Potassium (K20) 

Monosmmonium phosphate (Anfufen [1344 4395 4720)}) 
Diammonium phosphate (Zhonganfufen [6850 1344 4395 4720)) 
Ammonium sulfate 

Potassium nitrate 

Potassium metaphosphate 

Potassium phosphate 


Ammoniated superphosphate 
Nitrogen-potassium fertilizer 


Or 
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V. Checklist for Mixing Different Kinds of Fertilizer for Use 

1&8 R@ & 

28% & & 6 

3m) OAKKXKN O axmumenm (25) 

ba ee BOOKIE @ mamecxxanm (26) 

[65 ke & XXX x axzuaenm (27) 

7k &£ & OOXXOx 

’ tees OOXXKOXO\ 

97 SuRE @©@xXxXOXxx 

0 BeBe KXKXKXKXXKXO 

li) kw ae OOXxXOXOXoOOo\ 

i? Reet ©OOXXOXXXO000 

13) MARE OO XX OX 0/0) XXX X 

4 a FF & OOXXOX 0800006 

ib & ®@ * O98XXKOXO0000000 

16k & #® O@8XxXOXxO00OOO000 

17 geRewe KKKXKXX xX XOOOOXOOON\ 

is Wm &F O@XKOXKXOOXxXxxXxOxKOOxXx\ 

> MAE @eXx xe x x <Xi@'@ @.@ x @. 

0 ©R RB OOXKOXOOXXxXxO@00xO0®e 

ai xmczaee O@ xX xXOxKXO00OxXxKxxO0@00 x 0@e0\ 

22 BKR-ERXXXXKKKKKO000KO0000 xx xx 

(3 @- mR OOKXKOXOOXxXxX|xXi0 0100x0000 x 

ENCCL I 1X o. x 50 Ie} fe} 00/0100 x0 00 
~14)313 4 5 6/7 8) 9/10/11) 12)19)14/15)16 17/18 19, 20 21 22) 23) 94 
Cor sees m elf pn OPP t 

lent |e auae2 « BF it xe . 

eee ‘eae ae eet a . 
jeexe sxe eeee vi wieeiee ® 


Key: 


woman ouvf’ WH Fe 














Ammonium sulfate 

Ammonium nitrate 

Aqua ammonia 

Ammonium bicarbonate 

Urea 

Lime nitrogen 

Ammonium chloride 

Calcium superphosphate 
Ca-Mg-phosphate fertilizer 
Basic slag 

Precipitated phosphate 
Defluorinated phosphate 
Concentrated superphosphate 
Ground phosphate rock 
Potassium sulfate 
Potassium chloride 

Kiln ash-potassium fertilizer 
Ammonium phosphate 
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19. Phosphorus nitrate 

20. Potassium-nitrogen mixed 
fertilizer 

21. Ammoniated calcium super- 
phosphate 

22. Wood ash and lime 

23. Feces and urine 

24. Fresh barnyard manure and 
compost 

25. 0 indicates it can be mixed 
for application 

26. © indicates it should be left 
unused for a long time after 
mixing 

27. X indicates it must not be 


mixed for application 

















VI. Top-dressing of Chemical Fertilizers 


Urea: The organic nitrogen in urea can be absorbed by plants when it is 
sprayed on the foliage. Generally, the concentration of urea for foliage 
application is 0.2-2 percent for all types of crop. 


Calcium superphosphate: When an aqueous solution of calcium super- 
phosphate is sprayed on the foliage, it can be absorbed and utilized by 
plants. Generally, the concentration of calcium superphosphate for 
foliage application is 1-2 percent. 


To save labor, leaf spray application of these fertilizers may be carried 
out in conjunction with the application of agricultural chemicals. 


Trace Elements Fertilizers 








Name of 
fertilizer Type Method of application 
Boron Boric acid Crops sensitive to boron fertilizer include 
fertilizer (H3B03) alfalfa, sugar beet, sesame, cotton, 
Borax (Na ?B,07- potato, sweet potato and vegetables; boron 
10H70) acid is applied at the rate of *0-1100 
Boron-magnes ium grams (convertible into 33-200 grams of 
fertilizer boron) per mu; due to this low dosage, it 
(H3B03- should be mixed for use with an organic 
Mg:'0,4) fertilizer or other fertilizers; it may 


also be mixed with a phosphatic ferti- 
lizer and compressed into pellets for use; 
or it may be used for foliage fertiliza- 
tion at a rate corresponding to only one- 
eighth to one-fourth of that in topso1l 
fertilization; tue concentratiun of the 
three types of boron fertilizer should be: 
boric acid 0.025-0.1 percent, borax 0.05- 
0.2 percent, boron-magnesium fertilizer 
0.25 percent; generally, aqueous solutions 
of the boron fertilizers are sprayed at 
the rate of 150 jin per mu. 
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[Table continued} 





Name of 
fertilizer 


Type 


Method of application 





Manganese 
fertilizer 


Manganese sulfate 
(MnSO, - 4H20) 


Pink crystals; it contains 24.6 percent 
manganese and is soluble in water; after 
application, it can be absorbed by crops 
directly; it may be used as a base ferti- 
lizer or follow-up fertilizer; when used 
as @ base fertilizer, the dosage should 
be 2.5-5 jin per mu; manganese ferti- 
lizer may also be used for a foliage 
fertilization, in which case the concen- 
tration of manganese should be 0.06-0.08 
percent; when an aqueous solution of 
manganese fertilizer is prepared for 
spraying, 0.15 percent slaked lime is 
often added to reduce leaf scorching. 





Manganese ore slag 


A waste of manganese refining, it contains 
12-22 percent manganese, is only slightly 
soluble in water, and can be used only as 
a base fertilizer at the dosage rate of 
about 20 jin per mu. 





Copper 
fertilizer 


Copper sulfate 
(CuSO, + 520) 


Blue crystals; it is soluble in water and 
contains 25.9 percent copper; when used 
as a base fertilizer, the dosage is 
usually 3-4 jin per mu; it may also be 
used as a leaf spray, in which case the 
concentration of copper should be 0.01- 
0.02 percent. 








Copper ore slag 





A residue of sulfuric acid making, it 
contains about 0.5 percent copper; when 
used as a base fertilizer, the dosage 
should be 60-80 jin per mu, to be 
applied at the time of plowing; the 
fertilizing effect of one application of 
the fertilizer can last 3-4 years. 
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[Table continued] 











a Type Method of application 

Zinc Zinc sulfate Containing 40.5 percent zinc, it is 

fertilizer (ZnS0,4) soluble in water and may be used as a 
base fertilizer; when applied as a leaf 
spray, the concentration of zinc should 
be 0.05-0.15 percent; the spraying of 
fruit trees with a 1-1.5 percent con- 
centration of zinc has the effect of 
controlling little leaf disease. 

Molybdenum | Ammonium molybdate /| It contains 50 percent molybdenum; when 

fertilizer (NH, )» applied to leguminaceous crops, 

MoO, molybdenum fertilizer is often used in 








seed treatment or mixed with calcium 
superphosphate at the rate of 2-5 grams 
per mu for use as a seed fertilizer; 

it may also be used as a spray in 
foliage fertilization. 
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Note 1. Simple Methods of Manufacturing "5406" Bacterial Fertilizer 


"5406" spore powder contains a large quantity of spores in the dormant 
State and this renders it easier for storage and transportation. By mix- 
ing a small amount (1:500-1,000) of spore powder directly with a great 
deal of bean-cake fertilizer (use relatively clayey soil containing less 
than 10 percent of bean-cake meal), a "5406" antibiotic bacterial ferti- 
lizer of superior quality will be produced. 


The production of "5406" spore powder is based on the law of evolution 

in the life cycle of this type of actinomyces. During the stage from 
spore generation to hypha formation, mycelia are allowed to grow in large 
quantities in a sterilized culture solution. Then they are ° sferred 
to a solid adsorbent. After a period of time, the hyphae ma 2 up the 
mycelia will become sporogenous, producing a great deal of spores. After 
these spores are dried in the shade, "5406" is produced. The flow of 
production is as follows: 








Slide | triangular flask——— > panies — 
cradle culture culture 
25-30°C 28-30°C 
24-36 hours about 20-30 hours 





- — solid adsorbent 


(at first, add only two-thirds of required amount )———----- 








— stir for about 10 minutes > suspension filtration poooe 


adsorbent ——- == 





< residue, to be mixed with remaining one-third of solid 


filtrate (which can be put to other uses) 


----- ———B plate culture —*> air drying, drying in the shade, or oven- 
drying at 40°C or less 
about 30°C 


2-3 days 
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1. Slide Culture 


(1) Potato infusion and cane sugar medium: Peel potatoes and cut into 
small pieces. Add 1,000 milliliters (2 jin) of water to every 200 grams 
(4 liang) of potatoes. Boil for about 20 minutes. Strain with a piece 
of gauze. Add water to filtrate to make up for loss, bringing volume 
back to 1,000 milliliters. This then is 20 percent of potato infusion. 
Add 20 grams each of cane sugar and agar. Heat until they melt. Pour 
liquor into test tubes while it is hot, filling each tube to only about 
one-fifth of its volume. Insert cotton stopper to seal test tubes. 
Sterilize for 30 minutes under a steam pressure of 2.2 jin (or use the 
intermittent sterilization method). While it .: hot, place medium on 
slides. In due course, take several slides oi culture medium that has 
congealed and place them in a temperature-control chamber or 
temperature-control box (25-30°C) to check on the results of steriliza- 
tion. 


(2) Malt rootlet medium: The quantity of malt rootlets required is 

3 percent of the culture medium to be prepared. Add an appropriate 
amount of water and boil for about 15 minutes. Strain with a piece of 
gauze. Add separately to the filtrate 1 percent of starch, 2 percent 
of glucose, 0.3 percent of table salt, and 2 percent of agar. Also add 
water to the required amount. Heat to melting. While it is hot, pour 
tue mixture into test tubes and hold for use after sterilization by the 
above method. 


Fix either of the two above-described culture media on slides and inject 
bacteria into it in a sterilized -hamber or in an inoculation box. After 
inoculation, allow the bacteria to grow in 28-30°C temperatures for 5-7 
days. By this time, a normal culture slide should reveal a pinkish white 
layer of spores, with small dewdrops forming on the surface and giving off 
the fragrance of Borneo camphor. The addition of 0.3-0.5 gram of mono- 
sodium glutamate to a slide culture medium consisting of potato infusion 
will bring about a thicker spore furring, a deeper red in color and more 
dewdrops on the surface. 


2. Submerged Culture (Hypha Stage) 


Prepare a culture solution (it is required that the culture solution tend 
to be slightly alkaline) by using 30 grams of cottonseed meal (the finer 
the better; other kinds of bean-cake meal will also do), 30 grams of 
fertile soil, 20 grams of sweet potato flour (or corn meal), 3 grams of 
table salt, and 1,000 milliliters of water. Fill triangular flasks with 
the culture solution to one-fifth of their capacity. Insert cotton 
stopper in each flask (not too tight so as to avoid no circulation of air) 
or use five or six layers of gauze to plug up the flask and then cover it 
with waterproof paper. After wrapping up the flasks thus, sterilize them 
at high temperature. Make a rush-inoculation in an inoculation chamber 
while the culture solution is hot (30-40°C). The proper dosage is to use 
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one slide to inoculate three or four flasks. Place the flasks on cradles 
to carry out an oscillatory culture (in 28~-30°C temperatures). After 24 
to 36 hours, the bacterial solution will appear to be thick and sticky 
and a microscopic examination will show up a great deal of hyphae. Pour 
the thick, sticky fermentated solution into a big porcelain jar or pot 
that is dry and clean for the next step which is solid adsorption and 
filtration. The fermentation solution prepared by oscillatory culture 

in triangular flasks may be inoculated into a fermenter at the dosage 
rate of 5-10 percent. Aliso, the seeds in the fermenter may be inoculated 
directly with the slide culture that goes into the preparation of the 
fermentation solution. 


3. Solid Adsorption and Plate Culture (Spore Stage) 


Transfer the fermercated solutioa prepared by the above method to a 
sterilized solid adsorbent.* The solid adsorbent may be sterilized by 
placing it in a cloth bag or some other container and subjecting it to 

a steam piessure of 2.2 jin for 40 minutes. Or it may be steamed inside 
a steamer for 2-3 hours. Wait until it cools down to about 45°C. Then 
mix two-thirds of it into the fermentation solution according to the 
proportion 10:3 (10 parts culture solution, 3 parts adsorbent). Stir 

the mixture with a wooden stick for about 10 minutes and pour it on a 
piece of coarse cloth or two layers of gauze to undergo suspension 
filtration. Mix the filter residue with the remaini z one-third of the 
solid adsorbent so that the adsorbing material has a moisture content of 
about 30 percent or drips when grasped with the hand. After mixing 
sufficiently, heap the material onto shallow dishes or bamboo slats to a 
thickness of 1 to 2 centimeters. The temperature-control chamber should 
be clean. The initial temperature inside the chamber should be maintained 
at above 30°C and the relative humidity at 80-90 percent. If it is 
inconvenient to retain moisture inside the chamber, then place the plates 
one up another and cover with paper or a plastic sheet. Two or 3 days 
later, when white spores appear in large quantities on the surface of the 
solid adsorbent as well as inside it and a microscopic examination reveals 
@ great deal of spores or sporophylls, the relative humidity may be lowered 
or the material may be transferred to a dry place to be dried by the wind 
or in the shade. The finished product is now ready for supply to meet 

the demands of production and utilization. 





*The kind of solid adsorbent to be ueed way vary. During the hot summer, 
the use of sawdust for adsorption can bring very good results. Also, good 
results can be obtained by using sawdust or chaff mixed with a small 
amount (10-20 percent) wheat bran. Some people use corn husks; others 

use the pulverized husk of cottonseed. In a word, trial use of locally 
obtained raw materials may be made in accordance with conditions in each 
individual place. 
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4. Uses 


Mix evenly 1 jin of spore powder and 50 jin of bean-cake flour. Then 
mix this evenly with 500 jin of fertile soil (which should not be too 
sandy). Sprinkle a proper amount of clear water on it and heap it into 
a small pile 10-20 centimeters high (higher in the winter and lower in 
the summer). After 24 hours, the temperature in the pile will rise. 

It is imperative that the temperature in the pile should not exceed 40°C. 
The pile may be covered with hay so as to retain its moisture. When 
heating develops, sprinkle the pile with a small amount of clear water. 
After 2-7 days, when white spores appear, build up the pile into a bigger 
one according to the proportion 1:1. Each 1,000 jin of bacterial ferti- 
lizer prepared in this way may be used on 3-5 mu of land. 


5. Things To Heed 


The key to the formation of large quantities of "5406" spores in the 
dormant state lies in the production of large quantities of hyphae during 
the submerged culture stage and in the creation of conditions for sporula- 
tion during the solid adsorption stage. In the initial period (within 

2 days) of the solid adsorption stage, it is most essential to control 
the temperature and the humidity. If the humidity is not controlled, 

the surface layer will easily dry up and cake, resulting in failure. In 
addition, the kind of adsorbent used also has a definite bearing on the 
formation of a large quantity of spores. Not only must the adsorbent be 
of a certain fineness, but it must also maintain a certain degree of 
perviousness. Otherwise, it will affect the formation of a great deal 

of spores and lower the quality of the product. Some subsidiary farm 
products contain too many nutrients and become moldy easily. Care 

should be taken in the selection of these products for use. 


Note 2. Simple Methods of Manufacturing Phosphatic Bacterial Fertilizer 


l. Characteristics 


Most of the phosphorus found in the soil is not absorbable by plants. 
But phosphobacteria can transform hardly soluble organic and inorganic 
phosphorus into available phosphorus that can be utilized by crops and 
improve the phosphorus nutrient of plants. 


The phosphobacterium is an oval-shaped spore-forming bacillus. During 
its initial stage of growth the cell has round ends and moves about 
sluggishly. When matured, it is conical at one end and hardly shows any 
sign of activity. Another kind of bacillus, smaller and round at both 
ends, does not form any spores. 


Phosphobacteria are aerobic bacteria adaptable to growth in many kinds 
of medium. In a potato medium, the colony will be white in color, the 
optimum temperature for growth 37°C, and the optimum acidity or alkalinity 

(pH values) between 7 and 7.5. 
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2. Methods cf Production 


(1) Potato medium: Two hundred grams of potato are used. Peel the 
potatoes and remove the eyes. Clean and cut them into slices. Add 
1,000 milliliters of water, boil for 30 minutes, and filter. Make up 
for water lost, then add to the filtrate 0.5 gram of calcium carbonate 
and 1.5-2 percent [sic] of agar, and set pH values at between 7.2 and 
7.4. Fill the test tubes and after sterilization, make an inoculation. 
Let the bacteria grow for 4 days in 35°C temperatures. Then, under 
sterilized conditions, inject 5 milliliters of normal saline into each 
tube and scrape off the culture thus grown. Pour the culture solution 
into 500-milliliter wide-mouth bottles, about 150 milliliters of the 
solution to each bottle. Place 10 to 20 glass beads in each bottle and 
oscillate until a suspension is formed. Hold for use after making a 
bacteria count in each bottle. 


To the above-mentioned suspension with a 30 billion spore count by 
volume, add 0.3 gram of sugar, 0.7 gram of crude calcium carbonate, 

30 milliliters of water, and 100 grams of fertile soil yrass ash 
[grass charcoal) that has been sterilized by subjecting i: to 160°C 

heat, dried, pulverized and sieved beforehand. After :/*' nag evenly in 
an inoculation chamber, cultivate bacteria on plates i: | °C temperature 
for 4 to 6 days inside a culture chamber. After making bacteria count, 
pack the substance into bottles, 250 grams to each bottle, and seal therm 
tight. This is the bacterial fertilizer. 


(2) Starch medium: Mix 5 grams of soluble starch, 1 gram of ammonium 
sulfate, 2 grams of potassium hydrogen phosphate, 0 5 gram of magnesium 
sulfate, 1 milliliter of 1 percent ferric chloride, 0.1 gram of calcium 
carbonate, 0.2 gram of yeast, and 1,000 milliliters of water. Set pi 
values at between 7.2 and 7.4. After sterilization and inoculation, 
carry out serobic or oscillatory culture for 24-48 hours. This yields 
a liquid bacterial fertilizer, which may be put to use directly or be 
adsorbed by the following substances: 


(a) 3:2 mixture of grass ash and calcium carbonate; 

(b) 4:3 mixture of grass ash, and apatite and calcium carbonate; 

(c) 12.5:1 mixture of grass ash and calcium carbonate. 

Of the three mixtures, Item (b) is the best. The dosage of culture solu- 


tion to be added is 30 percent of the adsorbent. After mixing evenly, it 
becomes phosphatic bacterial fertilizer. 


The growth of bacteria may be expanded with the culture solution prepared 
by either one of the two above-mentioned methods in the following way: 
Bean straw, green manure stems and corn stalks are used. After removing 
roots and cleaning with water, cut them into sections of about 1 inch 
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long. Or use 10 jin of elm, locust or albizzia leaves. Add 100 jin of 
water and boil for 20 minutes. After filtering, make up the amount of 
water lost. Tren mix the filtrate evenly with 12 jin of liquid made by 
cooking miscellaneous food grains, 15 grams of ammonium sulfate and 250 
grams of ce'cium superphosphate. With the use of lime, set the .d values 
at between 7.2 and 7.4. Fill glass bottles about one-third full with the 
filtrate and steam for 2 hours. When the bottles are cool enough to be 
handled by hand, inject into each a 5 percent solution of the phospho- 
bacterial fluid undiluted. Let the bacteria grow for 2-3 days in 30-37°C 
temperatures. After the culture solution passes inspection, mix 80 jin 
of peat (or fertile soil), 20 jin of coal ash, 2 jin of cooked corn meal 
or sweet potato flour and 250 grams of calcium superphosphate, then 
Slowly stir this mixture into about 15 jin of the culture solution and 
use lime to set the p# values at between 7.2 and 7.6. Let the bacteria 
grow for 2 days in 30-37°C temperatures before putting it to use. 
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CHAPTER 4: FARM CAPITAL CONSTRUCTION 
Farmland Capital Construction in Tachai 


Before collectivization, the land belonging to Tachai Brigade was scat- 
tered in small plots; gullies were everywhere. Land on ridges was not 
protected by embankments and on slopes were unterraced. Most of the 

land was not level; the topsoil was thin; fertility was low. Young 
plants would turn yellow after only 3 rainless days. A strong shower 
would wash them away as well as the soil. A dilemma existed: rain was 
hoped for, but a shower meant trouble. Spring droughts and summer floods 
came often to Tachai. The grain yield was very low because the ability 
of the soil to retain moisture in a drought was nearly nonexistent. 


After collectivization the poor and lower-middle peasants of Tachai, led 
by the party branch, studied and analyzed the situation facing them. 

They recognized that in order to solve the drought [problem], they must 
first pay close attention to the soil. Soil is the foundation. Only 
when there is soil, can water be retained. Only when there is water, can 
soil and fertility be maintained. Therefore, the peasants worked hard in 
farmland capital construction by improving soil, raising fertility and 
increasing humus. Based on the terrain, they first merged small plots of 
land which had slight differences in elevation into large fields, and 
even corner plots were plowed under. Plots with large differences in 
elevation were leveled. Finally, appropriate improvements were made in 
fields on slopes and ridges and in gullies. 


I. Control of Sloping Fields 


Before reclamation, the sloping fields weve sharply inclined. There were 
no embankments. Water and soil erosion was serious. During reclamation, 
new soil was turned under while mature soil was spread on the surface. 
Stone embankments were built higher than the fields inside so that runoff 
from the mountains could be collected and water and soil erosion control- 
led. Cultivated areas downstream were also protected. Sloping fields 
were terraced from the bottom of the hill upwards field by field until 
the slope was fully terraced. 
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II. C@mtrol of Fields on Ridges 


Before reclamation, although there were only slight grades on the ridges, 
because the fields were uneven and embankments around the fields did not 
exist, the ability of the soil to retain water was slight. During 
reclamation the land was leveled. In the summer and autumn when the soil 
moisture is high new soil was dug out to build field partitions one-half 
ch'ih higher than the field surface to facilitate the retention of water 
and fertility. Once reclamation was completed, level, terraced fields 
occupied the entire ridges. 


III. Control of Gullied Fields 


Before the gulliea fields were reclaimed, they were like pebble riverbeds 
with little soil and many rocks. During the rainy seasons, floods often 
destroyed the cultivated fields on beth banks. Reclamation work was 
considerable. Retaining walls were built as the terrain permitted and 
later the mountain tops were leveled to fill in gullies and create fields. 
When big Wolves’ Den Gully was reclaimed, double-layer stone curved 
retaining walls were built, with lime mortar. Overflow pits were dug 
below the retaining walls. Thus, the curved retaining walls could with- 
stand the flood's momentum because the water pressure would press the 
stones tightly together [and disperse the onrushing force to both sides]. 
The overflow pits would lessen the flood's momentum, thereby reducing its 
erosion. When reclaiming gullied fields, retaining walls at higher 
elevation should be built first, then the lower walls. The retaining 
wall should be half a ch'ih above the level of the field behind it in 
order to retain the silt thus thickening the soil layer. Generally the 
spacing between higher retaining walls should be closer than for lower 
walls. During floods, the higher retaining walls collect the water 
thereby reducing and slowing the water flow over the lower walls. in 
this way the walls and reclaimed fields are not likely to be destroyed. 


IV. Accelerating the Maturation of New Soil and Improving Soil Fertility 


After building Tachai-type fields, soil lumps are pulverized to speed up 
the maturation of new soil. In the past, oxen were used to plow and 
harrow a field four to five times. At present, small caterpillar trac- 
tors plow and harrow to produce small soil lumps. Moreover, they compact 
the subsoil while loosening the topsoil. Each year, more than 100 piculs 
of organic fertilizer (including 80 percent stalk compost) is applied to 
each mou thereby increasing the organic matter in the soil. Different 
soils require different fertilizers. Red and clay soils which bind hard 
should be mixed with sand to make them more porous; cinder ash and 
manure are then added. Cold shady field should be fertilized with mule 
and horse manure, while warm sunny fields should get hog manure and 
garbage. Plow deep in fall; corn fields should have their soil deeply 
loosened before the annual rainy season in order to build up the humus 
layer until it reaches more than 1 ch'ih in depth. 
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Because in a Tachai-type field built as above, the ground is level, the 
soil thick, the field partitions firm and the retaining walls solid, 

the “three run-off fields" (water, soil and fertility runoff) of the 
past were transformed into the “three retention fields” (retain soil, 
water and fertility). After years of soil improvement, new soil changes 
into humus of high fertility, good structure, adequate porosity and 
moisture retention suitable for growing crops. These are called “sponge 
fields" with high, stable yields. 


Tachai marches ever forward. The reclaimed seven gullies, eight ridges 
and one slope of Tachai have been further improved. Not only was large- 
scale afforestation begun on Tiger Head Hill, but starting in 1970, hills 
were lopped off to fill in gullies to build man-made plains. Thus, the 
fields in the gullies were enlarged for mechanization and water conserva- 
tion. In the past, there was not a single mou of irrigated fields at 
Tachai, but now more than half of the fields are irrigated after the 
construction of 14-li-long mountain girdling canals. Formerly, human 
and animal labor were used at Tachai but now mechanization and semi- 
mechanization are common in cultivation, threshing, transportation, farm 
capital construction and processing of agricultural and secondary products. 
The poor and lower-middle peasants of Tachai continuously march on in 
deepening and expanding production. 


At present, each year (mainly in winter) farmland capital construction 
goes on at Tachai. From winter to spring, fields are prepared and manure 
accumulated. The poor and lower-middle peasants of Tachai continue to 
work in the windy and snowy winter at temperatures as low as -20°C. They 
have spirit of braving hard and bitter struggles, want to increase the 
wealth for socialist construction and make contributions in supporting 
world revolution. Every mou of terraced fields at Tachsi was built with 
hard labor on rocky slopes bare of soil. Soil had to be hauled in from 
elsewhere once a retaining wall was built. In this way, the poor and 
lower-middle peasants at Tachai, through self-reliance and arduous 
struggle, year by year brought the seven gullies, eight ridges and one 
slope under control. The Tachai Brigade party branch realized that in 
farmland capital construction, only by grasping “soil” as the foundation 
and “water” as the key can high and stable yields irrespective of drought 
or flooding be guaranteed. 


Water and Soil Conservation 


In mountainous or hilly areas, owing to exhaustion of forest cover, over- 
grazing and cultivation on steep slopes, mudslides after a rain strip 
topsoil and gouge many gullies. This is water and soil erosion. 


Wind erosion refers to topsotl swept away by wind. This occurs in areas 
with a dry climate (or seasonally dry), little precipitation, low organic 
content in the soil, high sand content in the soil, lack of forest or 
plant cover and usually strong winds. 
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Water and soil conservation mean the adoption of measures to store or 
drain off precipitation and preserve the soil from water or wind erosion. 


Good management of water and soil conservation practice is an important 
task in farmland capital construction by state-operated farms. Manage- 
ment should begin with investigation and study of the causes and charac- 
teristics of water and svil erosion followed by an overall plan for the 
comprehensive management of mountain, water, forest and farmland. The 
plan should combine prevention with improvement, control with utiliza- 
tion, short- with long-term, and biological measures with engineering 
measures. The basic functions of water and soil retention measures are 
to reduce the run-off intensity on slopes, change run-off conditions on 
slopes, and raise soil resistance to erosion. Therefore rational field 
planning should be practiced so that the length of a field is perpendicu- 
lar to or slants from the slope direction in order to avoid cultivating 
in the direction of the slope and to reduce the run-off intensity alon- 
slopes. Attention must be paid to the establishment and retention of a 
stable soil granular structure with high antierosion resistance during 
cultivation and plowing. At the same time, land should be utilized 
rationally. Afforestation should be practiced on steeply sloping plots; 
cultivation should proceed along contour lines and economic forests ought 
to be developed. Im farmland capital construction, emphasis should center 
on establishing and increasing soil plant cover and changing terrain 
conditions. 


Il. Afforestation for Water and Soil Conservation 


According to the characteristics of hilly areas and afforestation sites, 
the following types of forests for water and soil conservation can be 
differentiated: 


(1) Watershed protection forest: Afforestation along ridge lines can 
prevent strong winds and excessive snow pack so that water and soil 
erosion can be reduced on lower slopes. The tree belt width should be 
20 to 40 meters, depending on terrain features. 


(2) Slope-protective forest: Afforestation just above the cultivated 
slope plots can protect the farmland. If a cultivated slope extends a 
long distance, 10 to 20-meter-wide tree belts can be planted along con- 
tour lines at suitable distances along the slope. 


(3) Gully bottom forest for preventing water erosion: Gully management 
in hilly areas relies mainly on building retention embankments to collect 
silt in the gully fields. In addition, some of the gully fields should 
be elevated by filling in with new soil to maintain the slope. However, 
in case retaining walls cannot be built on slopes subject to large slides, 
trees can be planted along the gully channel. Generally, shrubs are 

grown along the water-flow collecting line and trees grown at the bottom 
of the slopes. Only in the middle of a gully is there a water channel. 
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II. Catch-drains in Sloping Fields 


At the boundary above the cultivated slope field and if there is barren 
slope higher up, catch-drains can be dug to store the water flow from 

the mountain and reduce run-off on the slope. If the cultivated field 
covers a long slope, catch-drains can be built sector by sector. The 
cross-sectional area of a catch-drain should be determined by the catch- 
ment area and the one-time maximum catchment flow. Generally built on 
white clay or baijiang soil [planosol}] of low percolation, the catchment 
drain cross-section is 0.7 to 1.2 meters at the upper opening, 0.3 to 0.4 
meter wide at the base, and 0.5 to 0.9 meter in depth. The slope gradient 
is 1 to 2° at the bottom of drain. The earth dug from the drain can be 
used to build an elevated bank on the lower side of the drain as shown in 
Figure 4-1. On sandy soil with high percolation, the catchment drain 
should be built wide but shallow; its cross-section can be 0.8 to 1.5 
meters wide at the upper opening, 0.25 meter wide at the base, and a 

depth of 0.4 to 0.5 meter. As usual, excavated earth is used to build 
elevated banks on the lower drain side. At one or both terminals of the 
catchment drain for irrigation or draining the stored surface run-off, 
catchment ponds 3 to 5 meters long, 2 to 3 meters wide and 1 to 1.5 meters 
deep can be built. Water is directed from the catchment ponds to natural 


water channels. 


Figure 4-1. Catch-drain 
Ill. Level Terraced Fields 
1. Location Survey 


(1) First, a typical siope is selected in the cultivated field and a 
longitudinal base line (grade line) running from high to low elevations 
is deterrined. The grade is thus obtained by surveying. If there are 
uneven grades, grades should be determined sector by sector and markings 
made. Design can thus proceed, sector by sector. 


(2) In accordance with the surveyed grade, soil strata conditions, and 
requirements for cultivation and management, consult the Table of 
Parameters for Leveled Terrace Fields (table on pages 151-152) to deter- 
mine the height of field partitions and the field width. 


(3) From the field width found, the corresponding slope can be obtained 
by measuring distances. Distances are measured, sector by sector, along 
the longitudinal base line. Then pile locations are fixed. 
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Relationship Between Elevation Difference and Gradient 
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Note: When the grade or the designed field width 
falls between the values in two table columns, the 
mean of the two values is taken. When the height 
of earth field partitions in the terraced field is 
less than 1.4 meters, the stone field partition 
usually does not exceed 2 meters. 








i 


a. Surface gradient (degrees) 

b. Designed field width (meters) 

c. Height of partition of terrace field 

d. Width of each field partition (side slope 1:0.6) (meters) 
e. Distance measured along slope (meters) 

f. Earthwork per mou (cubic meters) 

g- Raised height of field partition (meters) 
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(4) Taking a longitudinal base point as the datum, a series of hori- 
zontal points are surveyed on both sides of the datum. The line joining 
these points is the base line of the terraced field. For convenience in 
cultivation, the surveyed broken line can be smoothed into a curve. 
Next, survey the fie'd-partition base line. 


2. Construction Methoc 


(1) Soil pouring method, sector by sector: Im construction, the field 
can be divided into several sectors along the slope; each sector is 2 to 
3 meters wide. Construction begins at one side or the middle. First, 
the topsoil of the first sector is removed for spreading over the field 
of the second sector. Next, the subsoil is dug out to build field 
partitions before the field is leveled. The topsoil is then returned. 
Thus, field construction continues sector by sector. Or, after building 
the field partitions, the field is leveled and topsoil from the next 
sector is spread on the surface. For the last sector, the topsoil is 
hauled in from elsewhere. This field construction technique is labor- 
saving and is suitable for wide plots of moderate slope. If a bulidozer 
is available, the width of each sector can be properly widened. 


(2) Method of soil piling at the middle: Each level of the terraced 
field is divided into three sectors and topsoil dug from the upper and 
lower sectors is spread over the middle sector. Next, subsoil is used 
in building field partitions and the field is leveled. Topsoil in the 
middle sector is evenly distributed over the entire field. This con- 
struction is suitable to terraced fields less than 10 meters wide on a 
steep slope (as shown in Figure 4-2). 


(8) ee auF+( >) 





Figure 4-2. Method of Soil Piling at Middle of a Terrace 


Key: 
a. Wooden piles for framing 4. Digging inner portion and 
field partitions piling on outer portion 
b. Piling topsoil e. Field partition 
c. Digging high portion and f. Piling topsoil on surface 


piling soil on lower portion 
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(3) Method of piling topsoil onto lower terrace (Figure 4-3): Based on 
the designed field partition, terraces are built from the bottom of the 
slope up terrace by terrace. At the first (lowest) terrace, dig the 
inner portion and pile the soil on outer portion. After leveling, the 
topsoil from the next higher terrace is dug out for even distribution 

¢ .c the lower terrace. Then one moves up to the next terrace until the 
highest level, which can be covered with soil from a nearby slope or with 
manure. This method is mostly used on plots with a steep slope, but 
narrow terrace. In this way, large amounts of topsoil can be retained. 





Figure 4-3. Method of Piling Topsoil Onto Adjacent Lower Terrace 


Key: 
a. Clearing foundation for c. New ecil used as subsoil 
building field partition 4. Original slope surface 
b. Wooden pile for lining @. Topsoil distributed on surface 
field partition f. Surface of completed field 


1¥. Transitional Fors of Terraced Fields 


For fields with a moderate slope and thick topsoil but which cannot be 
constructed into level field in one step, the field can be built into 

the transitional form of terraced fields, i.e., field partitions are 

built along contour lines and a predetermined elevation difference is 
maintained between two adjacent terraces. The field partition is 0.7 to 

1 meter high; side slope is 1:0.5 to 1:1; and the top width of the field 
partition is 0.3 meter. Plow and cultivate the field only in the direc- 
tion of the downward elope, or resort to natural silting so that gradually 
the field will become level. 
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Land Leveling 


Land leveling is an important part cf constructing high, steady yielding 
farmland. An unleveled field can mean uneven crop growth, different 
ripening times and dead seedlings. These are direct causes of low yields. 
Most importantly, uneven fields have the following effects on crop 
growth: a) Drought occurs often on high spots and flooding in low spots. 
Therefore, seedlings often display three different growth states and sone 
of them even wither. b) Saline conditions tend to return to high spots 
and alkali deposits to low spots in a saline-alkali field. Thus seed- 
lings may die out in large patches. c) In irrigated areas, high spots 
tend to be deprived of irrigation benefits while low spots suffer from 
drainage problems. Crop growth is uneven and scattered dead seedlings 
appear. 4d) Unleveled fields tend to show uneven moisture distribution 
throughout the fields, thus it is difficult to achieve the stancard for 
farming practices in farm cultivation. There are uneven depths in plow- 
ing, sowing and weeding. Soil cover is often incomplete when high spots 
are seeded; when cultivating, areas may be skipped here and there; crop 
growth is umeven; end occasionally plants die out in patches. Mechanical 
harvesting may skip crop stalks at different heights resulting in high 
harvest losses. e) Before improvement, water or soil erosion (such as 
patch and gully erosions) aay occur om extensively cultivated, sloping 
fields sometimes resulting in the destruction of the crop. 


As for different states and sizes of unleveled fields, there are different 
ways of leveling the fields--by cultivation and by construction. 


I. Leveling of Fields Through Cultivation 


In general when the elevation difference within a plot is small, culti- 
vating machines can overturn or loosen the soil in different directions. 
Then, level the field by harrowing repeatedly. If the water supply is 
sufficient, leveling can be combined with planting paddy rice. The 
field is irrigated before working the soil, then plowing and harrowing 
are used to level the soil. 


Il. Leveling of Fields by Construction 


Construction measures are used to level the field if there is a marked 
difference in elevation and leveling cannot be done by cultivation alone. 
When construction measures are relied on for leveling fields, steep 
slopes should be graded into terraced fields, then gradually leveled. 

A moderate slope can be divided into several sectors, which are then 
leveled sector by sector. 


(1) When building the last-stage stationary ditches and canals in a 
field, leveling can go on at the same time. That is, the earth dug out 
from drain ditches can be used to fill the lower spots. Hillocks in the 
field can be hauled for building dikes along irrigation canals. 
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(2) When leveling a field sector by sector and if there are small 
elevation differences in some sites, picks sre employed to transfer soil 
from high spots or from ditches to fill in lower spots. If, however, 
there are marked elevation differences and there is a marked distance 
between different elevations, first the relative elevation should be 
determined. Next, soil is moved either manually or by machine to level 
the field. Topsoil can be gaoved toward the two sides, and after level- 
ing, topsoil can be moved back for spreading on the surface. If the 
topsoil is not retained, such manure should be applied after leveling 
of the field for a harvest the same vear. 


(3) Where flood vater is often available to silt over a field, appro- 
priate construction projects can be built to utilize the silt. 


Soil Improvement 
I. Improvement of Saline-Alkali Soil 


Agricultural crops can adapt to certain concentrations of salt and slkali 
in soil up to a certain limit. Crops generally can tolerate less than 
0.15 percent soluble salt [mainly sodium chloride] in soil. Young seed- 
lings may be damaged by 0.15 to 0.3 percent soluble salt, while crop 
growth can be severely hampered if the content ‘ts greater than 0.3 to 
0.5 percent. Improvement of saline-alkali soil depends on local condi- 
tions by the adoption of water conservation, cultivation, plowing and 
fertilization measures in a comprehensive treatment. For example, in 
practicing rational rotation in cultivation, rotate lowland and upland 
crops if feasible with timely irrigation of appropriate amounts to 
prevent groundwater from rising. Sow at a suitable time, paying atten- 
tion to the sowing method. Keep the soil loose by deep plowing and 
repeated hoeing to cut off soil capillaries, thus stopping the rise of 
groundwater. Manure should be applied heavily. Local conditions shou'd 
be adapted for the planting of saline-resisting green manure crops, such 
as alfalfa, Melilotus suaveolens, Ledeb. and Sesbania aegyptica. 


Here are the principal methods of soil iaprovement with water: 


1. Flushing out salt and draining off water. Using the available water 
supply, an irrigation and drainage canal system should be built to wash 
out the salt in the soil with fresh water. This can be combined with 
planting paddy rice. The groundwater table will drop, which often helps 
in improving saline-alkali soil. 


(1) Desalinization standard of various types of saline-alkali soil: 
From the growth requirements of common crops, the salt content in topsoil 
l-meter deep should be less than 0.2 to 0.3 percent after flushing of the 
saline soil where chlorides predominate. The value is about 0.4 percent 
for saline soil where sulfates predu inate. For places difficult to 
drain, such as heavy and clayey soil, or recently reclaimed saline-alkali 
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barren land, the desalinization depth in the first year can be about 60 
centimeters of topsoil, thereby avoiding excessive water in flushing, 
lessening the drainage workload, and shortening the flushing time. If 
desalinization is up to a certain standard at this depth of 60 centi- 
meters and there are good irrigation and drainage facilities, crops can 
grow normally the first year by combining cultivation and soil imaprove- 
ment. More topsoil is flushed the second year for complete desalinizing. 


(2) Water quota in flushing: The quota is determined by soil quality 
and salt content. The water quote for flushing can be higher for places 
with convenient drainage, heavy clayey soil and high salt content, other- 
wise, the water quota should be smaller. Another consideration is that 
the groundwater table should not rise above its critical depth after 
flushing. Generally, the water quota for flushing is 100 to 400 cubic 
meters per mou. 


(3) Time for flushing salt: Flush out the salt when the water supply 
is sufficient, evaporation is low, and the groundwater table is dropping. 
Generally for loose saline soil in which sulfates predominate, flushing 
should be conducted in July through September while the temperature is 
high. For damp saline soil in which chlorides predominate, flushing is 
better in the fall. Fall crops should be planted after flushing to 
lessen evaporation from the ground. 


(4) Method of flushing saline soil: Before flushing, the field should 
be leweled and tree and reed roots removed for even penetration of water 
and reduction of leakage to achieve a high flushing standard. For culti- 
vated, harrowed, leveled and flushed soil, the desalinization rate may be 
as high as 90 percent. 


Before flushing, earthen field-partitions should be built torming a 
lattice field, 1 to 5 mow per field. The field is better when rectangular 
in shape with long sides parallel to the contour line. The elevation 
difference in a field should not exceed 5 centimeters. The earthen 
partitions of « lattic- field should be compacted and as high as feasible 
to prevent water from overflowing. Due to water seeping downward during 
flushing. field partitions showld be removed to reduce the salt which 

has accumulated in the partitions. (If several flushings are conducted, 
field partitions should be removed during the last flushing.) Each 
lattice field should have an exclusive inlet for water; irrigation in 
series is not allowed. 


if several flushings are conducted, attention should be paid to the time 
interval when there is no visible water in the field after each flushing. 
The interval should be longer during low temperatures, but shorter during 
high temperatures. However, water for the second flushing should be led 
into the field within 1 day after the water has seeped downward from the 
field; thus, salt will not return to the eurface due to evaporation. For 
places with high salt concentrations in the topsoil, salt flushing should 
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be continuous at the beginning. After several flushings, intermittent 
flushing is then done. 


For areas favorable to developing paddy fields, salt flushing and 
improvement can be conducted during irrigation. 


(5S) Drainage: In a saline-alkali soil area, the basic requirement of 
drainage, during the flushing stage is prompt drainage of the flushed 
saline solution and salt-containing groundwater to speed up the dropping 
of the groundwater table for a better flushing effect. After cultivating 
with crops, the groundwater table should be controlled so that it will 
not rise above its critical depth, thus avoiding the return of sailiniza- 
tion. At the same time, appropriate water, seration and heat conditions 
should be maintained in the soil for easier crop growth. 


In principle, the depth of the drainage ditch should be determined by ine 
critical depth of groundwater. Generally, the depth of the last-level 
stationary drainage ditch is 1 to 1.5 meters for a coastal saline-aikali 
soil area, and 1.5 to 3 meters for an inland saline-alkali soil area. 


Spacing of drainage ditches is related directly to ditch depth. Spacing 
between deep ditches is greater than between shallow ditches. Generally, 
the spacing of shallow ditches is 100 to 200 meters. Deep ditch spacing 
is listed in the following tabie: 








Soil Spacing of drainage 
ditches (meters) 
Clay (without sandy intervening stratum) 80-200 
Loam (without sandy intervening stratum) 200-300 
Loam (with sandy intervening stratum) 400-500 
Soil through which water easily seeps 500-600 
Soil with pebble bed 600- 1000 








In @ saline-elkali area, water seeping from irrigation canals should be 
drained; seepage-stopping ditches should be dug to remove water into the 
drainage system. Moreover, various seepage-prevention measures should be 
adopted for various irrigation canals. For example, cement th* canal 
bottom and sides, or plaster with straw and mud in order to reduce 
seepage into the surrounding land. 


2. Digging a well and using the water for irrigation thereby lowering 
the groundwater table. In level areas with abundant groundwater at 
shallow depths with mineralization not exceeding 1 gran per liter, dig 
wells and lift the water for irrigation. The salt content in the top- 
soil can be flushed out and drained through drainage ditches. Thus, the 
groundvater table can be lowered. This not only can prevent secondary 
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salinization of soil but also can add to the irrigation water supply for 
a higher crop yield. 


3. Constructing drainage ditches and terraced fields. This is one way 
to improve saline-alkali fields in low-lying, easily flooded areas which 
are not ea-ily drained, have a high groundwater level, and have an 
insufficient supply of irrigation water. The principle behind the 
improvement measures is similar to digging drainage ditches. The method 
is to dig drainage ditches 3-5 to 10 meters wide around a plot which is 
about 40 meters wide and has its long side parallel with the contour 
lines. Earth excavated from the ditches is used to build embankments 
around the plot. The drainage ditches are connected to a dreinage systen. 
The purpose of improving saline-alkali soils in this way is to compara- 
tively lower a groundwater table with high mineralization after the 
ground surface is elevated. Also, drainage ditches can be used to drain 
saline-containing groundwater and store flood water temporarily; field 
partitions «an retain rainwater to flush out salt. 


4. Levelins fields and eliminating saline patches. Irregular field areas 
are the principal cause of saline patches. High spots in a field are much 
less leached by rain or ‘rrigation water and emerge above water first, so 
that evaporation of capiliary water is rapid. Then the saline content in 
the soil gradually rises in the top portion, forming saline patches. for 
areas with pronounced terrain relief, measures for filling in dips in the 
surface (as mentioned in the section on “land leveling") should be 
appl‘ed. Manure should be added. For places with moderate terrain 
relief, cultivation leveling can be used, such as harrowing in cross 
directions or harrowing to level the field after irrigating. 


5. Silting the field for soil improvement. For places suitable for 
silting with flood water, flood water can flush out salt and thicken the 
silt layer, in addition to improving the soil. The following points 
should be emphasized when silting the field: 


(1) Before silting, a solid partition should be built to divide the 
field into a lattice field. The field partition should be 0.3 to 0.5 
meter above the highest irrigation water level in the field. The 
largest lattice plot measures 5 to 10 mou. 


(2) The cross-section of a ditch used for silting should be properly 
enlarged. Generally, the base width of a ditch is not less than 50 
centimeters and the flow rate is controlled to avoid water erosion or 
silting. When the silt in the water contains mainly fine grains, the 
grade of large ditches should be about 0.05 percent while small ditches, 
0.3 percent. 


(3) In principle, silt the field during the season when there is a high 
soil content in the river water. If irrigation silting (while crops are 
planted in the plot) is used, factors such as field cultivation and water 
requirement by crops should be considered. 
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(4) Field construction quality should be insured to prevent dikes from 
bursting and water loss. A good crainage system is necessary to quickly 
drain stagnant water from the field and lower the groundwater level on 
time. 


(5S) Am intermittent siliing method should be adopted. If the continuous 
silting method is used, the flow rate should not be too high (less than 
l centimeter per second) in order to allow the most silt to settle. 


6. Storing fresh water and planting green manure crops to flush out salt 
within enclosed field partitions. If there is land to be cultivated in 
a saline-alkali area but there is no sufficient fresh water to wash out 
the salt, field partitions can be built around the plot to store rain 
water or river flood water to flush out the salt. Green manure crops 

or grass can also be planted; this will not only take out the salt but 
also add to the organic matter in the soil thereby improving the soil 
structure and boosting soil fertility. When adopting this method 

(1) sturdy field partitions and irrigation and drainage systems ™ 's. be 
constructed; (2) the plot within the field partitions should be leveled. 
The long side of a field partition should be parallel, as much as possible, 
with contour lines in order to reduce the work of leveling the field. 


II. Improvement of Baijiang Soil [Planosol] 


Baijiang soil is a subtype of lowland black soil in China. The soil is 
aamed after the white slurry stratum, 20 to 40 centiweters in thickness, 
~elow the black soil stratum which is 10 to 30 centimeters thick. This 
baijiang stratum is gress; yellow when wet, and grayish white when dry. 
It is schistose in structure and water-impermeable. The baijiang soil is 
heavy and sticky, thawing late in spring, while mudding for long periods. 
There is a deficiency of available phosphorus, thus retarding seedling 
growth. In summer, because the topsoil layer is thin while the subsoil 
is hard, the root system of a crop is shallow. Following a rain, a water 
saturation layer persists in the cultivation layer because the baijiang 
layer is impermeable tc water. Although water is easily collected on 
level land, the soil cannot retain large amounts of water or fertility; 
not only is there drought but also flooding making cultivation difficult. 
The improvement measures are as follows: 


(1) Dig catchment and drainage ditches to prevent fields from inundation 
by mountain flooding and drain the water which saturates the cultivated 
stratum. Water and soil conservation of sloping fields should be well 
managed to prevent the loss of fertile topsoil. 


(2) The soil structure can be improved by breaking up the white slurry 
stratum and thickening the humus topsoil through deep plowing and by 
loosening the soil and drying it in sun, especially in the summer, or 
thawing in the winter and spring. In addition, organic fertilizer should 
be applied as well as furnace ash, cinder and pulverized phosphate. 
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(*’ Plant green manure crops and grasses for grazing, especially those 
varieties with an extensive root system (as Melilotus suaveolens, Ledeb), 
which can deeply penetrate into the baijiang stratum. In this way the 
presence of more organic matter in the soil is increased, aeration and 
permeability are improved, better microbe activity is promoted and a 
faster rate of nutrient conversion is brought about thus gradually 
improving the subsoil. 


(4) Irrigated lowlands can be used as paddy fields. 
III. Improvement of Swamy Soil 


Generally, swamp soil is found along the water's edge in valleys, inter- 
montane lowland and basins. Swamp soil usually exists where there is a 
high groundwater table, seasonal flooding, and water saturation of the 
soil's capillaries. Though the soil fertility is high, little available 
nutrient exists. The soil is heavy and clayey, readily muddying. In 
spring, soil temperature rises slowly, thus retarding seedling growth. 
The main measures for improving swamp soil are as follows: 


(1) Construct a drainage system to drain surface water and lower the 
water table. Construction projects should be coordinated. When the 
drainage ditches are dug, a plan using strip fields of a suitably narrow 
width should be implemented. 


(2) Dredge the drainage system annually to prevent siiting. 


(3) Build water reservoirs on appropriate terrain to collect mountain 
runoff. Dig a catchment drain at the bottom of the slope to reduce 
additional groundwater. 


(4) Plow deep and dry the soil in the sun; combine and apply in large 
amounts furnace ash, cinder and sand to improve soil aeration, to remove 
toxic material from the soil and to quicken the conversion and release 
of effective nutrients. 


IV. Improvement of Sandy Soil and Clay 


Fertilizer and water percolate readily in sandy soil while clay is 
impermeable and compact. Both soil types hamper crop growth. Generally, 
improvement measures include these steps: 


(1) If, within half a meter of soil depth, there is sand covering clay or 
vice versa, the soil can be turned over and thoroughly mix: ji to become 
loam soil. 


(2) If the entire stratum of topsoil is either sand or the clay, the soil 


migration method can be applied. Ciay, mud from rivers or ponds and silt 
can be added to sandy soil while sand, furnace ash and cinder are added to 
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clay. This means transporting a considerable volume of soil; however, 
this can be done in the spirit of "A Foolish Man Moves the Mountain.” 
Manure is added to increase the organic content in the soil and improve 
its structure. 


(3) For sandy soil trees are planted to control the sand and water is 
drawn for irrigation. If possible, paddy rice is planted and silt is 
provided to cover the sand. For clay fields, an irrigation and drainage 
system is constructed to lower the groundwater level. In the fall, the 
soil is turned over and dried in the sun to promote sicrobe activity 

and maturation of the soil. 


V. Improvement of Cold waterlogged Fields 


Most waterlogged fields are in valleys in mountainous or hilly areas. 
Because there are few hours of sunshine owning to the surrounding high 
mountains or because cold spring water is used for irrigation or »b: cause 
of springs owing to the low fields, the soil is regularly wateriogged. 
Moreover the soil structure is undesirable, soil and water temperatures 
are low, microbial activity is weak, organic fertilizer is not easily 
dissolved and sometimes even toxic material is formed. Thus, rice plants 
green slowly, bear few grains with short stalks, ripen late and have low 
yields. Sometimes there may be mud as deep as half a meter which hampers 
cultivation, makes management difficult, and increases weeds and the 
insect pest population. Improvement methods are as follows: 


(1) Construct a covered ditch for draining the spring water. First, dig 
to the bottom of the spring outlet and remove the mud near the outlet. 
Dig a ditch about 1 meter deep from the spring outlet to a lower area. 

In the ditch, place water-filtering etones about 30 centimeters thick. 
Place dry straw about 5 centimeters thick on the stones, overlay it with 
clay and then tamp it down. Finally, soil is spread over to complete the 
field construction. (If channel tiles or bamboo pipes are used as the 
spring conduit, rubble stones should be placed over the spring outlet to 
filter the water.) 


(2) Dig a catchment drain along bottom of slope to carry the water away. 


(3) Dig a ditch more than half a meter deep in the direction of the 
[flow of water] from underground water springs to drain the water above 
and below the ground. 


(4) Do not use cold spring water for irrigation, rather channel it into 
a storage pond for sunning or to an irrigation canal which is built in a 
zigzag to allow the water to reach a higher temperature before release 
into fields. Use shallow or drip irrigation to raise the soil tempera- 
ture. 
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(5S) Apply manure and phosphate fertilizer or plant leguminous crops as 
green manure. 


(6) Plow, overturn and sun soil in the winter to decompose toxic 
materials in the soil. 


VI. Transformation of Fields That Have No Irrigation Ditches and Are 
Floodprore 


In hilly areas, there are many paddy fields which, lying in the path of 
water from springs, are without any stationary irrigation or drainage 
ditches. Because the fields are irrigated and drained in series, ferti- 
lizer will be flushed out, seedlings destroyed and soil and water 
temperatires reduced. This hampers paddy rice growth. Water stagnation 
often occurs in the winter, preventing the planting of winter or green 
manure crops in the fields. After fields have been improved, productivity 
can be significantly raised. 


The method of improvement is largely determined by the extent of and how 
far the water flows. In general, along both sides of a large flow irriga- 
tiow and drainage canals are dug; the canal cross-section should be calcu- 
lated according to the rainfall and the upstream watershed area. The 
drainage ditch should be 50 centimeters lower than the field surface, 
draining the water easily even in heavy rains. For a short flow of 

water, a ditch serving both irrigation and drairage can be dug so that 
there is a single drainage-irrigation outlet between the field and the 
canal. 


Small Reservoirs 
I. Selection of a Reservoir Site 


Selection of the reservoir site is closely related to the benefit to be 
derived, the construction volume and safety; serious investigation and 
surveying must be carried out. In principle, the following items should 
be considered: 


(1) The reservoir site should have a narrow canyon opening and open 
terrain should exist upstream from the reservoir site. Ditches and 
canals should have moderate grades. Key requirements are low construc- 
tion volume, large capacity for water storage, and great benefits. 


(2) Near the reservoir site, there should be appropriate terrain and 
geological conditions for constructing a spillway. Ideally, there should 
be a horseshoe-shaped rocky corrie to reduce construction volume and 
provide a firm foundation. 


(3) Enough earth suitable for dam building should be available near ‘he 
reservoir site. Thus, convenient construction can lead to good dam 
quality and low labor costs. 
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(4) The reservoir site should be clese to the irrigation area in order 
to shorten the length of the irrigation canal, reduce canal construction 
volume and reduce water losses. 


Il. Estimating Area of Confluence 


The purpose of estimating the area of confluence is to calculate the 
possible volume of flood water in the reservoir area so that a rational 
design for the dam height and spillway is made. If the estimate of the 
area of confluence is too small, the flood estimate will also be low. 
Thus, the spillway design will be too limited to handle any large floods 
and the entire project will be endangered. Conversely, if the area of 
confluence is estimated on the high side, the design of earth dam and 
spillway will be too large, resulting in waste due to oversized con- 
struction. 


How can we estimate the area of confluence? If a terrain map is avail- 
able, a dam site can be marked on the map. Then the watershed is traced 
to enclose the confluence area before its total area is calculated. This 
method is quite accurate for an area of confluence larger than 2 to 5 
square kilometers. 


If a terrain map is not available, direct estimate surveying can be con- 
ducted for small gullies. First, survey the gully length and average 
width (including slopes on both sides); multiply the length by width to 
get the area of confluence. If there are branch gullies, calculate 
separately the areas of the main gully and the branch gullies; the totel 
amount is the area of confluence. 


III. Reservoir Cap. lty 


The total amount of water when the reservoir is full is called the totel 
reservoir capacity. When the reservoir is used for fish breed‘ng or as 

a source for artesian wells, the drain culvert is placed higher than the 
reservoir bottom. The fraction of reservoir capacity that cannot be used 
for irrigation is called dead reservoir capacity. Subtract the dead 
reservoir capacity from total capacity to obtain the irrigation reservoir 
capacity. Before constructing a water reservoir, the irrigation reservoir 
capacity should be determined by calculating the amount of confluence 
water and the water consumption. 


The amount of confluence water (m2) = confluence area (m2) of reservoir x 
annual mean rainfall (m) x coefficient of annual run-off. 


Refer to the data of nearby reservoirs for the coefficient of annual 
run-off. If there are no data, the coefficient can be estimated as 0.4 

to 0.6. When there is heavy clayey soil, high annual run-off and insuffi- 
cient plant cover on slope, the coefficient of annual run-off may be 
slightly more than 0.4 to 0.6. Otherwise, the coefficient may be smaller. 
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Water consumption (m3) = [irrigation area (mou) x number of days required 
for irrigation x daily mean irrigation depth (m) x 667)/(water utiliza- 
tion coefficient of the canal network). 


The water utilization coefficient of the canal network is the total loss 
in leakage in various levels of the canals and ditches. The coefficient 
may be 0.6 to 0.8 for small irrigation area. 


If the water consumption is greater than the amount of confluence water, 
the amount of confluence water may be taken as the irrigation reservoir 
capacity. Otherwise, water consumption is taken as the irrigation 
reservoir capacity. 


IV. Requirements of Dam Construction 


l. Dam type (Figure 4-4): Most dams of small reservoirs are earthen. 

If a single type of soil is used in constructing the dam, this is called 
a homogeneous earth dam, as shown in Figure 4-4 (1). If there is insuf- 
ficient local soil or if the foundation is on a sand and gravel stratum, 
but the impervious stratum is not too far beneath the soil surface, clay 
which is slightly pervious can be used as the core within the dam. The 
base of the core should penetrate into the impervious stratum while the 
top of the core is 0.5 meter above the highest leve) of the water. The 
rest of the dam can be built of earth which has a higher perviousness. 
This is called a core-type dam, as shown in Figure 4-4 ‘2). If the 
impervious stratum is deep beneath the surface, a slanting wall dam (as 
shown in Figure 4-4 (3)) with a strip protecting the bottos: should be 
built. The upstream face slope should be constructed of low pervious 
clay or clay loam and should extend into the reservo!> as protection for 
the bottom. Over this, a protective layer (more than 0.5 meter thick) 
should be built of rubblestone, pebbles and sand; this layer will protect 
the slanting wall from water erosion, expansion, contraction and freezing. 


2. Construction of an earth dam: Clear turf, tree roots, pebbies, 
weathered stratum and other foreign matter from the base and slope 
before placing the earth to build a dam. Usually, a depth of 0.3 to 
0.5 meter is cle red before thoroughly combining new and old soils. 
Fill holes or cracks with soil and compact it or pour mud into then. 


To prevent water seepage into the bonding surface between the dam and the 
gully bottom, dig a jointing trench 0.5 to 1 meter deep and 1 to 2 meters 
wide along the centerline from the gully bottom to the dam slope; this 
trench can be used to join together the gully bed and dam. Large clods 
should be broken up and frozen clods and soil containing grass and tree 
roots removed. Earth for building the dam should be neither too dry nor 
too wet. Soil that is too wet will crack after drying; soil that is too 
dry is difficult to compact. Soil wh‘.a contains the ideal amount of 
moisture can be hand pressed into a lump that breaks up on hitting the 
ground. When constructing a dam start at the lowest point of the gully 
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bottom. After filling in the depressions the soil is added layer by 
layer. Each time, 0.3 to 0.4 meter of soil is spread evenly. The soil 
surface should be roughened before adding another layer; seams should 
be arranged zigzag for tight joints between layers and seams. After 
compacting, the density of the dry dam should be between 1.4 to 1.9 tons 
per cubic meter. 
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Figure 4-4. Diagram of Dam Types 


Key: 
(1) Homogeneous earth dam c. Original ground-surface line 
(2) Core dam d. Drainage system 
(3) Slanting wall dam e. Jointing trench 
a. Highest flood level f. Earth core 
b. Protection layer g- Slanting wall with protective 


layer for the bottom 
3. Design as to cross-sectional dimensions: 


Dam height = water depth of dead reservoir capacity + water depth of 
irrigation reservoir capacity + maximum depth of water in spillway + wave 
height + superelevation for safety margin. 


Dam width is determined by the dam height; the width is usually 3 to 5 
meters. If the dam top is also a highway, the width should be appro- 
priately increased. 


Dam slope is determined by the dam height, the earth used to build the 


dam, and the foundation. A low dam with good earth material can have a 
steep slope; otherwise, the dam slope should be moderate. The upstream 
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slope should be more gradual than the other slope. For earth dams lower 
than 10 meters, 1:2 to 1:3 ratio should be used for the upstream slope 
and 1:1.5 to 1:2.5 ratio for the downstream slope. 


4. Protective layer and water draining structure: 


Protective layer: To prevent erosion of the dam by wind, wave and rain 
water, the dam slope should be protected. For a dam height lower than 
5 meters, the slope can be sodded. For a dam height over 5 meters, the 
upstream slope is best protected with riprap. The protective layer 
should be 0.5 to 1 meter higher than the highest water storage level. 
Sod the downstream slope. 


Drainage system: After a reservoir is filled with water, water always 
seeps from the downstream slope under water pressure. If this seepage 
is not drained, the downstream slope tends to slough off. A drainage 
system is one way to expel seeped water from the earth dam. 


A drainage system should be built for dams higher than 5 meters. A struc- 
ture in the form of a rhombic prism is built of sand, pebbles and rubble- 
stone in three layers. Water seeping from the dam can pass these three 
layers and be expelled without endangering the dam. Thus the dam's 

safety is insured. 
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Figure 4-5. Drainage System 


Key: 
a. Earth dam 
b. Rubblestone 
c. Water level on the down- 
stream side 


Dam height 

Pebble layer 
Coarse sand layer 
Meter 


seme & 


V. Spillway and Drainage Pipes 


1. A spillway ic used to drain excessive flooding when water sored in 
the dam reachee its highest level. This can insure earth dem safety. 

The spillway should be at least more than 10 meters from the dam and is 
best located in a canyon at almost the same height as the highest water 
storage level. If the spillway is dug from a soil stratum, cement mortar 
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and stones should be used to protect the bottom and sides of the spill- 
way. Usually, the spillway is built with steep slope (1:5 to 1:10). 

The cross-sectional dimensions should be determined by the volume of the 
flood upstream from the reservoir. To prevent erosion of the earth 
foundation, river banks and farmland downstream ft .m the spillway, an 
erosion-resistant pond should be built at the end of the spillway. 


2. A water discharge culvert is the irrigation exit from a reservoir. 
The culvert is usually buried in th: bottom at one end of the earth dan. 
A firm foundation is needed so that the culvert will not cave in because 
of weven settlement. The culvert is usually placed 0.5 to 1 meter 
higher than the reservoir bottom to avoid silting and usually has a 

grade of 1:100-1:200. The control equipment for the discharge culvert 

in small reservoirs is an inclined pipe. Built on the mountain slope 
near the earth dam, it has a pipe grade of 1:2 to 1:3. For each 0.5 
meter of elevation difference starting at the highest water storage 

level a water discharge hole is opened in the inclined pipe. Wooden 
plugs are installed to control the openings. Terraces are built vetween 
the various water discharge holes so that depending on water required, 
one or more wooden plugs can be opened near the water surface. The cross- 
sectional dimensions of the inclined pipe should be suitably selected and 
the cross-sectional area should be smaller than the discharge culvert. 

An erosion-relieving pond should be built «. the conjunction of the 
inclined pipe and the water discharge culvert to moderate the onrushing 
water into the inclined pipe. Refer to the following table for the 
¢_mensions of the water discharge culvert: 
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Key: 
a. Unit: cm 
b. Flow rate (m3/sec) 
c. Water discharge culvert (longitudinal slope 1:200) 
d. Inclined pipe 


[Key continued] 
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e. Dimensions of water discharge culvert 

f. Circular culvert (inner diameter) 

g- Square culvert (width x height) 

h. Depth of erosion-relieving pond 

i. Length of erosion-relieving pond 

j. Width of erosion-relieving pond 

k. Thickness of cover plate of square culvert 
1. Circular pipe (inner diameter) 

m. Square pipe (height x width) 


Development of Underground Water Resource 
I. Types of Ground Water 
According to underground conditions, there are five kinds of ground water, 


as follows: upper-stratum confined water, phreatic water, interstratal 
water, crevice water and karst cave water. 





Figure 4-6. Diagram of Ground Water Types 


Key: 
1. Impervious layer 4. Upper-stratum confined water 
2. Ipterstratal water 5. Water wells 
3. Phreatic water 6. Spring 


l. Upper-stratum confined water is gravity water confined in an air- 
trapped belt above some impervious layer. The so-called “air~-trapped 
belt” is a soil stratum containing a certain amount of gas (not water- 
saturated) above the ground water table. The upper-stratum confined 
water is intensively influenced by local climatic factors so that the 
amount of water varies widely and even disappes.s if there is no rain 
for a leng tire. Therefore, the upper-strat:um confined water cannot be 
considered a reliable ground water source for farm irrigation. 


2. Phreatic water {se ground water with a free water surface in the first 
water-containing stratrm below the ground surface. Above the free water 
surface there is no impervious layer over the phreatic water except in a 
few places. Precipitation, surface water and condense*ion are sources 
for replenishing phreatic water. Variation in climatic facture in the 
local area also directly influences phreatic water. 
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The buried depth of phreatic water and the thickness of its vater- 
containing stratum are influenced by terrain, climate and geological 
structure but most strongly by terrain. In mountain areas, the terrain 
varies greatly, so that phreatic water may be as deep as tens to hundreds 
of meters. The difference in the thickness of the water-containing layer 
is also comsiderable. In plain areas, there is slight terrain variation, 
so that generally phreatic water is only buried several meters deep or 
wili even surface. The difference in the thickness of the water- 
containing stratum is only slight. The water table varies directly with 
the amount of precipitation. During rainy seasons, when precipitation is 
heavy and the supply is sufficient, the water table rises. In dry season, 
when supply is scant and irrigation draws down the reserve, the table 
drops. Generally, the supply of submerged water is sufficient. Espe- 
cially in plain areas, the submerged water is shallow so that it is easy 
to access. If the water-containing stratum is thick, [soil] particler 
are large and water quality good, then submerged water is the main water 
source for mechanized wells in agriculture. 


3. Interstratal water is ground water trapped between two impervious 
strata. If the water fills the entire water-containing stratum and can 
automatically rise under hydrostatic pressure, this is called water under 
pressure. It exerts great pressure on both the upper and lower impervious 
Strata. When the upper impervious stratum is penetrated by wells, the 
ground water will rise to a certain height because of the hydrostatic 
pressure. Wells with automatic jetting water are called artesian wells. 
If the water can rise automatically but not overflow onto ground surface, 
this type of well is called a subartesian well. If water does not conm- 
pletely fill the water-containing stratum between the two impervious 
strata, the water is not under hydros. atic pressure and exerts no upward 
force against the upper impervious stratum. Such ground water is called 
interstratal water without pressure. If, during well drilling, water in 
the borehole suddenly disappears or drops, this is because the drill has 
penetrated an impervious s ratum, allowing the ground water to seep down- 
ward. Since the existence of the impervious stratum above the inter- 
stratal water prevents downward seepage of local precipitation and con- 
densed water, there is sometimes a considerable distance between where 

the water enters the pervious stratum and where wells are located. The 
depth of interstratal water is often hundreds or even thousands of meters. 
For shallower interstratal water (tens to 200-300 meters deep), if under 
hydrostatic preeeure, it can be used in farming as a source for mechanized 
wells. 


4. Crevice water is ground water embedded in the crevices and pores of 
rock or clay. Crevice water may either be under pressure or not under 
pressure. The supply source is precipitation. Most crevice water is 
located in mountainous areas. In plain areas hard clay strata have a 
high content of crevice water. Sometimes mechanized wells producing a 
considerable amount of water from clay stratum are in fact supplied by 
crevice water. 
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>. Karst cave water: Caves are formed when limestone is dissolved by 
water. Water trapped in these caves is called karst cave water and may 
or may not be under pressure. Since most karst cave water is supplied 
by precipitation, its quantity varies seasonally. In the rainy season, 
some mountain springs (mostly of karst cave water) provide large quan- 
tities, but the volume will drop if there is so rain for a long tise. 
In mountainous and hilly areas, karst cave water is often an imgportent 
source of agricultural water. 


Il. Simple Method of Searching for Underground Water 


There are several methods of searching for underground water. The 
simplest methods are the observation of some ground phenomena manifested 
by ground water. ‘Since ground water relies on capillary action and its 
upward force is limited, the underground water found by using these 
methods is at quite shallow depths. Besides, ground water sources found 
in varying types of terrain and land forms generally are not too deep. 
These simple methods can be used to find water for construction projects 
as drilling large bore wells and building ponds and opening sountain 
springs. If deep mechanized weils are required, drill exploration or an 
electric surveying method can be relied on in searching for water. Then, 
precise data on the wate: source in the deep strata can be obtained. 


1. Searching for water based on habitat 

(1) Observe where hydrophilic plants grow vigorously. Hydrophilic 
plants are sweet flag, reed, Chinese celery, lotus, Lactuca Thunbergiana, 
Maxima, Scirpus maritimus, L., and Sambucus javanica, Bl. 

\(2) For crops in the same general area, look for places where plants bud 
early in spring, stalks of plants do not shrivel during the dry season, 


ana plants wither only late in fall. 


(3) During a drought, look for plants which are still green while others 
around them wither. 


These above-mentioned areas are possible ground water sites. This can 
also possibly be due to surface water, so discrimination is needed. 


2. Searching ‘or water based on animal activity 

(1) Look for places which have a high density of snakes and ant sests. 
(2) Look for places where frogs and snakes hibernate. 

(3) Look for places where mosquitoes swarm in summer as columns. 


Ground weter may be found in the above-mentioned places, but surface water 
and grouud water need to be differentiated. 


1/1 











3. Searching for water based on the effects of ground water temperature 
on the one hand and ground temperature and surface environmental tempera- 
ture on the other 


(1) Look for ground areas which have a wild temperature even in the 
summer sun. 


(2) Look for ground areas which thaw early while other areas are covered 
with snow. 


(3) Look for ground sreas which freeze late in the winter but thaw early 
in the spring. 


(4) Measure water temperatures in different wells of the same depth. 

A well with a much higher water temperature means the water supply comes 
from deep ground water which has a higter temperature. (Usually, the 
water temperature rises by 1°C for each 33 meters of depth.) 

4. Searching for water based on terrain and geological structures 


(1) Look for places where there is warping or folding in the mountain 
range, or in an intermontane river valley or basin. 


(2) Look for lowlands surrounded by high sountains. 

(3) Look for broken rocks or caves. 

(4) Follow a river to its origin in a mountainous area. If there is 
water seeping out or if the ground surface is damp, dig at this place. 
If the water flows more strongly, follow the water until the ground 
water is found. 


(5) At a river bend in a plains area, ground water may be found on both 
banks. In particular, there .-cy be abundant ground water at the surface 
or underground in basin terrain. 


(6) Abundant ground water aay be found in old river beds, dried ponds 
and botruw of dric! laker in grasslands. 


Lil. Mechanized Well Planning 


Planning for mechanized wells can sevoid the uncoordinated construction of 
wells for irrigation. The planning can be divided into two steps: 


1. General Planning 


This is mainly to solve the problem of overall a*rangement. 
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(1) Through investigation and study, collect data on the natural 
geography of the whole area. Give consideration to the economic and 
rational utilization of shallow and deep ground water or the basis of 
present water conservation projects, hydrogeology, power sources, power 
equipment and water lifting devices. 


(2) Plan for water and soil conservation and store runoff and preci; 
tation in order to replenish underground water resources. 


(3) Coordinate [the use of] wells and ponds. Store well water in ponds 
sc that they can be drawn upon as irrigation water during droughts. 
This raises the utilization rate of the mechanized wells. 


(4) In canal irrigation areas with shallow ground water tables, if the 
mineralization is low in this kind of water, you can use wells and canals 
to extend the area irrigated by well water, supply water for irrigation 
during a low-water period, lower the ground water table, and prevent 
secondary salinization in soil. 


(5S) Arrange the well network optimally. The main point is to find the 
optimum well depth and spacing based on local tydrogeologic conditions. 
Generally, when two wells in the same area are being pumped at the same 
time, the output of water is cut 25-30 percent. Spacing must be taken 
into account when planning well spacing. Necessary pumping tests should 
be conducted before planning. 


(6) In well irrigation areas, the number of wells which can be sunk is 
determined by the two following situations: the first is in areas of 
abundant ground water where a single well can produce a great quantity 

of wecer and ground water can be utilized to irrigate all the cultivated 
areas. The number of wells required can be found from dividing the total 
irrigation area by the area irrigated by a single well. This is derived 
by the following formula: 


the irrigation area (mou) controlled by a single well = [pumping output 
(tons per hour) of a single well x number of hours the pump operates 
daily x cays in rutating irrigation]/(water required (tons) per mou for 
each irrigation) 


Because the irrigation method, crop water requirements, soil characteris-~ 
tics, measures for preventing water seepage and land leveling markedly 
affect the amount of irrigation water used per mou (seepage prevention 

and land leveling have the greatest effect), the calculation of the 
irrigation area of a single well is based on leveled lard as the standard. 


In the second case, when there is a lack of ground water in the well 
irrigation area and ground water cannot supply the total cultivated 
area, the number of wells should be calculated by appropriate well 
spacing in the optimal arrangement. 
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2. Specific Planning 


This is to solve the specific problems of locating mechanized wells. 
The main points are as follows: 


(1) Selection of rational well locations can sufficiently bring about 
irrigation benefits and lower costs. Stress the following aspects in 
the optimal arrangement: 


i. In order to facilitate the flow of water, wells should be located 
on high sites. In flat areas, well locations should be in the center 
of the control area aid have a suitably high well platform. Well loca- 
tions should be coordinated with power transmission lines. 


ii. Wells should be usually located perpendicular or nearly perpendicular 
to the ground water flow. Wells should be drilled along the flow of the 
ground water. 


iii. Well locations should be coordinated with the canal placement to 
avoid unnecessary canals and occupy as little farmland as possible. 


(2) The irrigation canals for well water should be placed for the con- 
venient flow of water to cultivated land so that less land is taken out 
of production. Take note of these items: 


i. It is best for canals to be laid out on high ground. Canals should 
not only follow the shortest route but also meet cultivation needs. 
Covered ditches can be used for water conveyance if the terrain permits. 


ii. Canals can be built for diverting water either to both sides or one 
side. In the former case, the trunk canal is in the middle (high 
ground) with branch canals leading from both sides. In the latter case, 
the trunk canal is at one side on high ground while branch canals lead 
irrigation water to the fields from only one side. 


Types of Water Pumps Used for Agricultural Purposes, Their Performance 
and Selection 


Mainly, impeller pumps are used for farmland irrigation and drainage. 
These pumps can be divided into three basic types according to vane 
shape and flow direction within the wheel: 


Centrifugal (peripheral flow) type: Water flows into the impeller along 
the axial direction and then flows out along the periphery. A water head 
is produced by the centrifugal force. This type is adaptable to high 
heads (over 10 meters). 


Propeller (axial flow) type: Water flows into and out of the impeller 


parallel to the axle. A pressure head is produced by blade thrust. This 
type is adaptable to low heads (less than 4 meters). 
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Screw (mixed flow) type: The water flow leaves the impeller at an angle 
with the pump axle of from 15 to 45 degrees. The pressure head is pro- 
duced by centrifugal force and blade thrust. This type is adaptable to 
a middle range of heads (5 to 10 meters). 


These three types of water pumps can be divided by other characteristics 
into single or multiple stages, single or dual water inlets, and hori- 
zontal or vertical types. Usually, an electric motor or internal com- 
bustion engine is the power source. 





When selecting water pumps, the required flow rate should be :alculated 
(by the maximum flow rate, not the required irrigation flow rate) and how 
much head is needed. The flow rate should be the summation of net flow 
rate and water conveyance loss. The head should be the summation of 
three parts: the first part is the net head--the head difference between 
the level at which the water flows out of the pump and the level of the 
water source. The second part is the head loss (generally a’ + to 6 
meters) when water flows through valves, elbows and pipelines while the 
pump is operating. The third part is the lowering of the water head at 
the source after pumping; this generally occurs in wells or small ponds. 
Based on the determined flow rate and head, appropriate pump types can be 
selected from the water pump performance table. When an axial flow pump 
can be used for low head, it is best not to use mixed flow or centrifugal 
pumps. Mixed flow pumps are better than centrifugal pumps. Centrifugal 
pumps should be used only when requiring a high head or neither a mixed 
flow nor axial flow pump can meet the requirements. In this case, mixed 
flow pumps can achieve high productivity at a lower power outlay. When 
operating under the rated head, water pump efficiency is highest. From 
the water pump performance table, three performance data (in a single 
revolving speed) can be observed. The middle figure represents the high- 
est efficiency while operating at the rated head. The upper and lower 
figures are the high and low limits of heads used; the pump efficiency 

is still high while operating within this range. However, the efficiency 
drops while exceeding these limits. The more the limits are exceeded, 
the greater the drop in efficiency. Therefore, when selecting water 
pumps, the required total head should generally coincide with the rated 
head. 





The water wheel pump is a new water iifting device. It is a combination 
of a water wheel and an impeller pump, operating while submerged. The 
water wheel pump is structurally simple, reliable in operation, convenient 
in maintenance, and does not require other power-driven machinery. The 
water wheel pump can operate continuously for a long time at low 
operating costs and with little lubrication. This pump can be utilized 
for locks with a definite difference of water head, rivers with rapid 
currents, and coasts with abundant tidal energy. 
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Table 1. Type-BA Centrifugal Pump 















































































































































7 
a) @k Kien! BR | be Si | ‘eka KEK 
8 8/43) Pa) roy) f 
| | st)| (RE) e410 
oes HB) wi cy) (49/)) GD Rg )) CE) | ex) 
32.4/ 9.0 | 21.6] 6.5 2.50) 4 | | 
| | 
SBA-13 | 45.0) 12.5 | 18.8 | 5.5 | 2900 aes 4.5) 4.5) 76 
52.2) 14.5 | 15.61 6.0 2.96 | 45 | 
| 29.5] 8.2] 17.4] 6.0 | 1.86 | 3 | 
BPA-19A | 39.6/ 11.0 | 15.0 | 5.0 | 2900 | 2.02/ 8 | 28) 75 
| 48.6] 13.6 | 12.0] 4.5 2.15 4.5 | 
—— | _—_ -- -— 
23.0/ 7.6 | 18.6 | 5.5 | 1.67 | 8 | | 
SBA-13B; 3.2) 9-5 | 12.0 | 5.0 | 2900 1.68 | ° | 2.8) 75 
41.5/' 11.5] 9.5] 4.0 | 1.78 | 8 
65.0 | 18.0 | 22.6 5.828 | 7 
j | 
4BA-18 | 90.0) 25.0 | 20.0 | 5.0 | 2900 | 6.28 | 10 7 | 100 
110.0} 30.6 | 17.1 6.93 |12 | 10 | 
60.0 | 16.7 | 17.2 3.80 | 6 45 
4BA-18A| 80.0/ 22.2 | 15.2 | 5.0 | 2000 | 4.35, 7 | 7 | 100 
95.0 | 26.4 13.2 | 4.30' 8 | 7 | 
| 
OOS 17.6 bo 6 | 4.5, 
aBa-25 | 79 | 22 | 16.8) 6 | 2900) 4.10) 7 | 7 | 100 
| 
99 | 27.8 | 10 4.00; 7 | 7 
| _| 
(60 | 14 | 14 | 2.80" | | 
4BA-254| 72 2% | 11 | 6 | 2900 | 2.87 | 4.5) 4.6| 100 
a | 6 8.5 | 2.78 | | | 
= } 
| = — 
110 | 80.6 | 22.7 8.5 8.96 | 15 | 10 | 
6BA-12 [100 | 4.5 20.1 7.9 | 1490 10.8 |18 | 14 | 100 
| 200 | 55.6 17.1 7.0 11.8 | 18 | 14 | 
95 8.4 178 8s “6.18 | 10 | 7 | 
| j 
6BA-12A 150 41.715 | 8.0 | 1460 | 7.69 12 10 | 150 
| 180 | 50 6) 18 8.07) 12.6) 10 | 
j | 
— | a | } 
12% | 85 | (14.8) 6.0 6.80 | 10 ae 
6BA-18 | 162 45 = 12.5 | 5.5 | 1460 | 6.86 | 10 | 10 | 180 
187s 52 9.6 ell | 6.62 | 10 | 10 | 














[Table continued] 
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[Table 1 continued] 






































OT ae Tn We Tae es P 
7% 
= OX) cm) $27) me 
(au /at) Ft /es) — (ay, (BN), CB) tet 
15 3 | | 60) 4.9380 | 
SBA-18A 144 40 | 9.5 5.5 | 1450 | 5.03, 8 | 7 150 
162 45 8 =. «§.0 5.18 
20 61 2 6.2 (14.7 | 22.5! 25 
8BA-18 285 | 79.1 | 18 5.5 1450 16.6 (25 | 2 200 
360 100 14 5.0 17.5 28 28 
! 
200 | 55.5 | 17.5 (11.9 20 14 
" | 
8BA-18A 260 72.2 15.7 5.8 | 1450 | 13.3 | 22.6, 20 200 
20 «87 12.7 13.9 24 20 
216 «=—«60 14.5 5.5 10.6 | 16 14 
8BA-25 270 75 12.7 5.0 1450 11.3 18 | 14 200 
324 «90 11.0 4.5 11.8 618 | 14 
191 | 53 11.4 5.0 | | 7.68 12 
8BA-25A 238 66 9.6 4.5 1460 8.00/12 10 200 
285 | 79 86 4.0. 8.56 15 | 
i i i i 
Explanation: Meaning of model number in Type BA-Centrifugal Pump, 


Key : 


SOU & Ww NO 


taking 4BA-18A as an example: 


4--inside diameter of water pump intake is nearly equal to 


4 inches; 


BA--single stage, single face, inlet, cantilever, centrifugal 


water pump; 


18--multiply the number [18] by 10 to obtain the specific 
speed coefficient of the water pump which is 180 for 


this pump; 


A--indicates that the diameter of the impeller is smaller 
than the 4BA-18 but all other measurements are the same. 


Model number 

Rate of flow 

Ton/hour 

Liter-second 

Total lift (meter) 

Maximum suction lift (meter) 
Revolution speed (rev/min) 
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8. 
9, 
10, 
ll. 
12. 


Rate of axle power (kilowatt) 
Assembly motive power 
(Horsepower ) 

(Kilowatt) 

Minimum diameter of water pipe 
fittings (millimeter) 








Table 2. 





Type-Sh Centrifugal Pump 
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(126 8 cm | oO _— 
Sb6 | 162 45 | 78 5 | 2000 | 46.5 80 | 65 | 150 
j= 55 | 7 | | 82.4 | 
| ile 31 67 | /30 | 
6Sb-6A 144 | 62 5 | 2900 33.8 64 | 40 160 
180 50 | 5 | 38.5 , | 
130 | 96.2 | 52 | (5.85 | | 
6Sh-9 170 as) ae 5s | 2900 27.6 48 | 40 | 150 
omy | 61.2 | 35 | 81.5 
—— = - == 
| 102 a1 | (43.8 | | 18.8 
6Sb-0A | 144 40 «0 | kg_~=| p09 | 20.9) 35 | 28 150 
| 180 | 60 5 | m5. 
| 180 | 50 = 100 | 81.8 
8Sb-6 | 234 | 65) «= 93.5 4.5 | 2000 | 86.8) 185 100 | 200 
| ann | 92.5 on. | | 
4. -—__- : | ——— 
(23/6 0 $8 5 | | 
8Sh-9 | 288 | 80 (62.5) 45 | 2900 61.6 | © | 75 200 
| 8 mole, | 8 Ulead a 
Ec 0 | 4.5 5.8 | a) | 
sSb-9A 270 | 75 | 0 | mon | as) wo | ae | a 
| = 90 (97.5) 38 | 2 | | 
| 26 | 60 @ | 90 | co : | 
8Sh-13 | 288 | 80 | GS | 8.6 | eee | 1) | | 
PaCeeecieercinee 
198 8B 48 6.8 20.5 | | | 
Sb-18A 270 15 | 86 | 4-8 | 9900 | 89.1) 66 40 | 200 
s10 | | 1 | 8.0 | | a 
3600 100 | 42.5 | | (5.5 0 | 
108b-9 486-135 | 38.5 | 6 | 1480 | 61.6 | 100 | 78 | 980 
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67.7 | 100 | 





. (Table continued] 
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[Table 2 continued] 
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324 99 35.5 40.2 60 

106b-9A 468 «180 90.5 61450 | 45.7 | 67.5 55 8250 
576 160 =| 25 47.8 80 
360 «-100~— 27 33.1 50 

10Sb-13 486=—sisa1350 23.5 KD HZ COD 
s% 160 19 %.4 0 (54 
342 95 22.2 2.8 «4 

10Sb-13A 414 115 20.3 6 1450 276 #45 «w 280 
482 «1384 s«a17.4 8.6 45 
sco | 100 | 17.5 (21.4 

10Sb-19 486 «185 sd4 6 1450 21.8 85 28 260 
676 | 160 | 11 22.1 ' 
320 89 «13.7 15.4 

10Sb-194 482 120 | i 6 1450 15.8 2% © 20 
3 1408.8 15.8 
576, 160 65 127.6 

128b-9 72 220 58 +5 1690 150 | — 190 | 800 
97 270 8 167.6 | 
612 170 38 76.2 

128-13 7920 220, 82.2 48 145 ggg 120 100 
90 sS:“S 78.1 

P| ' = i = i. 

650 153 81 8.1 80 

128b-18A 720 200 2% $5 1460 60.7 90 7% 300 
810 225 «=. 58 = «100 
612 170 | 2 47.9 

128b-19 60-792: «2200 «19.4 68 1880 80 0 85 8 

/ 

035 260 «(14 47.4 
804 140 20 83.5 

1286-19A. 720 200 16 45 1450 9.9 6 #0 3800 
900 280 «11.8 35.3 





[Table continued] 
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{Table 2 continued] 
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Explanation: Meaning of the model number in Type Sh-Centrifugal Pump, 
taking 10Sh-13A as an example: 
10--the inside diameter of the water pump intake is nearly 
equal to 10 inches; 
Sh--single stage, double face, horizontal type, centrifugal 
water pump; 
13--multiply the number [13] by 10 to obtain the specific 
speed coefficient of the water pump which is 130 for 
this pump; 
A--indicates that the diameter of the impeller is smaller 
than the 10Sh-13 but all other measurements are the same. 
Al) pumps given in the table require a power use under 100 
kilowatts; other pumps are not detailed. 
Key: 
1. Model number 8. Rate of axle power (kilowatt) 
2. Rate of flow 9. Assembly motive power 
3. Ton/hour 10. (Horsepower) 
4. Liter/second ll. (Kilowatt) 
5. Total lift (meter) 12. Minimum diameter of water pipe 
6. Maximum suction lift (meter) fittings (millimeter) 
7. Revolution speed (rev/min) 
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Table 3. 


Type-ZLB Vertical Axial-flow Pump 







































































Tate Pa —_ 
"* BE ~ we et © ie emarks 
7200 mE. SS 18.5 By regulating the angle of the 
7 2 os -2?° i 
a oe 4 —_ =—s ‘< installed vane, one can change 
- ——— the rate of flow and lift thereby 
1zLB-10| 1180 | 3e8 SS 1460 +2° aoe gp | Faising the effectiveness of the 
1316 «= 366 3.22 16.5 | ~pump. 
1428 298 6.94 1460 + 6° 35.8 0 
| 1699 «8« 470 4.0 26.3 
| 108 2835-1 20.7 If the revolution syeed is changed 
7 a ete 
—— a a . | — 3 te 980, the rate of flow could be 
| ns increased by 30 percent and the 
20ZLB-70 a = 4 7 en s ge «dh. ft. by 80 percent. A 55 or 75 
1940 —iS10 16.1 [as appropriate) kilowatt motor 
_ ~ should be substituted [i.e., a 28 
| 2080 500 372 730 +6° ¥- kilowatt motor should be replaced 
2020 «=| 560 40 
22502524 19.4 , by a 55 kilowatt one]. 
1870 | S20 | 5.56 , | 28 If the revolution speed is changed 
| 2780 | oes 2 - 28.7 SS to 730, the rate of flow is in- 
— 7 — creased by about 30 percent and 
2010 aos. 1. 
eszLB-70 31700882 807 «880g ogg: «ste «Lift by about 60 percent. 
3680-1020, 2.85 37.2 The corresponding kilowatt for 
- the motor should be 130 and 155. 
| 3630 «1010 «4.83 60 
3050 1105 4.32 580 +6° S46) 80 
4460 «1240 2.84 “4.5 
49 1010 fr on | -¢ ~ . If the revolutio: speed is changed 
$470 1530 2.2 | 0.6 8 to 480, the rate of flow can be 
| ; increased by 30 percent and the 
1460 3.78 ? - 
«ZLB-70 oe isto 3 18) M0.) oso? ogg:~|«LA Et by 78 percent. The cor 
6550 1829 2.22 % responding kilowatt for the motor 
em limeise| 7" should be 180-260. 
7200 200 3.39 300 46° 69 8 
| 8000 2240 | 2.28 00.6 
| 68 = :180 | 3.48 | 0.1 
7 206 38 110 -9* 78 1% 
ee ? 
708 aa | 4.88 12.8 | 
14ZLB-88) ft; isn 308/110 4a | 8 
| 979 «272 2.2 7.8 
1008 a4. . 
10se «soos ce (TAO +8" gg | 
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[Table continued] 























[Table 3 continued] 
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GQ) | a2) e ge ou dte ek wee 
a 8 | | | ane = Hh Remarks 
An Ay) OO (8/9) a we 
| 1401 | 390 | 3.67 | 38.5 If the revolution speed is 
7 : ; - : a 
| 1834 i 4 ry ™ a | 38 | _ changed to 960, the rate of flow 
r ‘ : lone ' can be increased by 30 percent 
soziB-05 iO + ee Shs tm a2* | 2.4 @~2g. and the lift by 80 percent. The 
| 20es | 880 2.17 | 16.7 corresponding kilowatt for the 
a | rr motor sheuld be 55-75. 
| ee i 3 mw + ie] © 
| 2506 785 4.2 as If the revolution speed is 
| | oe keep | | Changed to 730, the rate of flow 
ae = ‘ . can be increased by 30 percec. 
2.7 54.8 and the lift by 55 percent. The 
28ZLB-85 s~55 y 2) pe 
| ae | 1 hr oe he corresponding kilowatt for the 
ai Tae lan | oe | motor should be 80-155. 
72 1270 3.8) +8 | eg | © 
4008 «1862 3.6 as If the revolution speed is 
oar | com as wo 6 6! «6 | changed to 500, the rate of flow 
. , can be increased by 45 percent 
«ZLB-85 558 a byr- 960 | 42° ts 5 lggerg and the lift by 65 percent. The 
748 (2069 2.17 53.6 corresponding kilowatt for the 
| “| = 5-260 
came | gore | 8.98 | rr motor should be i5 . 
sso as jas 8 my 
Explanation: Meaning of the model number in the Type-ZLB Vertical Axial- 
flow Pump, taking 14ZLB-70 as an example: 
14--inside diameter of the water pump outlet is nearly equal 
to 14 inches; 
Z--axial-flow pump; 
L--vertical; 
B--vane is single, regulator type; 
70--multiply the number [70] by 10 to obtain the specific 
speed coefficient of the water pump which is 700 for 
this pump. 
Key: 
1. Model number 7. Installed angle of vane (degree 
2. Rate of flow of angle) 
3. Ton/hour 8. Rate of axle power (kilowatt) 
4, Liter/second 9. [Size of] electric motor to be 
5. Lift (meter) used (kilowatt) 
6. Revolution speed (rev/min) 

















Table 4. Bumper Harvest Brand Mixed Flow Pump 
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Explanation: Meaning of the model number in the Bumper Harvest Brand Mixed 

Flow Pump, taking 12 Bumper Harvest 24 as an example: 

12--the inside diameter of the water pump inlet is nearly 
equal to 12 inches; 

Bumper Harvest--brand name, is a single stage, single face, 
inlet, cantilever, mixed-flow sump; 

24--multiply the number [24] by 10 to obtain the specific 
speed coefficient of the water pump which is 240 for 


this punp. 
Key: 
1. Model Number 8. Rate of axle power (kilowatt) 
2. Rate of flow 9. Assembly motive power 
3. Ton/hour 10. (Horsepower) 
4. Liter/second ll. (Kilowatt) 
5. Total lift (meter) 12. Minimum diameter of water pipe 
6. Maximum suction lift (meter) fittings (millimeter) 


Revolution speed (rev/min) 
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Table 5. Motor-driven Water Well Pump and Native Well Pum, 
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Explanation: Meaning of the model number for the Motor-driven [mechanized] 
Well Pump and Native Well Pump: 
Take the J630x3 as an example: 
J--used for motor-driven [mechanized) well; 
6--diameter of sleeve tube of well; 
30--integral number after the specific speed coefficient 
is divided by 10; 
3--impeller progression of pump. 
Take 6TJ-12 as an example: 
TJ--used for a native well pump; 
6--diameter of water pump inlet is nearly equal to 
6 inches; 
l2--integral number after the specific speed coefficient 
is divided by 19. 


Key: 
1. Model number 7. Revolution speed (rev/min) 
2. Rate of flow 8. Rate of axle power (kilowatt) 
3. Ton/hour 9. Assembly motive power 
4. Liter/second 10. (Horsepower) 
5. Total lift (meter) ll. Efficiency (%) 
6. Maximum suction lift (meter) 
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Table 6. 





Deep Well 
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[Table continued] 














{Table 6 continued] 
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Explanation: Meaning of the model number in the Deep Well Pump, taking 
SD10x3 as an example: 
SD--multi-level centrifugal-type deep well pump; 
10--minigum diameter for well pipe is 10 inches; 
3--number of impeller [blades]; 
J--use in motor-driven [mechanized] wells. 


Key : 

Model number 

Rate of flow (ton/hour) 
Lift (meter) 

Revolution spees (:ev/min) 


. Assembly motive rate (kilowatt) 
Efficiency (2) 

Weight (kilogram) 

- 9 pipe joint--991 
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Canal System Planning 
I. Principles of Irrigation Canal Layout 


The terrain in an irrigation area is the basis for laying out irrigation 
canals. 


(1) Canals are classified by different water-source conditions, irriga- 
tion area, and terrain situations. In a large irrigation area, generally 
there are four levels of stationary canals: trunk canal, branch canal, 
bucket ditch and farm ditch. In some places there are only three levels: 
trunk canal, branch canal and farm ditch. Below the level of the farm 
ditch is the temporary channel. In a well irrigation area, generally 
there are only one or two levels of stationary ditches. 


(2) The trunk canal is an irrigation canal conveying water to the entire 
irrigation area. So the trunk canal should be placed on a ridge slong a 
contour line, as straight as possible. The trunk-canal line is test 
situated in a sector which requires half filling and half digging for 
canal safety, smooth water conveyance, and less construction volume. 


(3) Generally a branch canal should be perpendicular or oblique to the 
contour lines. 


(4) The bucket ditch and farm ditch are water distribution channels; 
these ditches should provide smooth water conveyance and convenient 
irrigation. The ditch arrangement should enable farming machinery to 
operate conveniently. 


(5) Below the level of farm ditches are temporary irrigation channels 
adapted to the ground grade. 


(6) The water distribution openings of each unit area of irrigation 
should be concentrated in order to carry out planned water consumption. 


(7) The irrigation and drainage ditch network should be laid out at the 
same time in an irrigation area. The drainage system is especially 
important in a saline-alkali area with highly mineralized ground water. 
As shown in Figure 4-7, there are uni- and bi-directional configurations 
for irrigation and drainage in the field. Usually, the uni-directional 
type is adopted where there are low grades. The excavated soil from the 
drainage ditches is used to build dikes along irrigation ditches. This 
can reduce construction expenses and occupy less cultivated area. The 
bi-directional system in irrigation and drainage is adopted when the 
terrain is not level or when the ditches are arranged perpendicular to 
contour lines. 
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Figure 4-7. Canal Layout in Field 


Key: 
a. Bi-directional irrigation and c. Drainage ditch 
drainage d. Irrigation ditch 
b. Uni-directional irrigation and e. Road 
drainage 


(8) Thorough study should be made of fields, roads and protective trees 
belt when laying out canal networks. The layout should meet the require- 
ments of mechanized cultivation. 


(9) Various levels of canals should be as straight as possible to reduce 
the water-conveyance distance and occupy less farmland. When a bend is 
required, the radius of curvature should not be less than five times the 
width of an average canal. 


II. Principles of Drainage Ditch Layout 


(1) Stress drainage trunks when planning drainage systems. Utilize 
natural rivers and ditches, if possible, for drainage. Regulate as 
needed to improve drainage. The original natural drainage system should 
not be disturbed. 


(2) Comprehensively plan and optimally lay out the drainage network and 
drainage area when natural rivers are used for drainage. 


(3) Local terrain, land forms and hydrogeological conditions should be 
adapted in planning and arranging the drainage system. Adequate atten- 
tion should be given to surface grade, runoff of ground water, its 
mineralization, and soil improvement. 


(4) The arrangement of the trunk ditches should bring into play the role 
of confluence. The shortest route is used to convey water to the drainage 
area, 
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(5) If, at sometimes, the tide floods the drainage exit of trunk 
ditches, a control lock should be built. / mechanical pumping station 
should be built at the drainage exit of trunk ditches, so that forced 
drainage can operate at high tides. 


(6) Farm ditches are stationary drainage ditches at the lowest level. 
The length of a farm ditch is the length of a field plot. Consideration 
should be given to machinery operation and a farm ditch should be placed 
in lowland areas (or else natural gullies or water channels are to be 
used) to form a large angle of intersection with the flow direction of 


ground water. 


III. Parameters of Canal Design 


Flow Rate W-thout Eroding Irrigation Canal (Sand Content 
in Water Less Than 0.1 kg/m) 























Allowable flow rate (m/sec) 
Soil type without causing erosion 
Less than 
1.5 hours 1.5 to 2 hours 
Light clay loam 0.40-0.70 0.7-0.9 
Medium clay loam 0.45-0.75 0.75-1.0 
Heavy clay loam 0.5-0.85 0.85-1.2 
Clay 0.55-0.9 0.95-1.25 
Slopes of Various Levels of Ditches 
Below Trunk Ditches 
Flow rate <0.5 0.5-1.0 1.0-5.0 5.0-10 


(m3/sec) 





Gradient 1/200-1/1000 | 1/1000-1/2500 | 1/2000-1/5000 | 1/4000-1/10000 

















Note: Slight slopes can be adapted for level terrain. The appropriate 
gradient for square stone paved ditches is 1:100 to 1:200. Gen- 
erally, the last level stationary ditch is 0.2 to 0.25 m above 
the ground surface. 
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Coefficient of Minimum Side Slope for Earth Paved Ditches 












































Flow rate 
Soil types >10 2-10 0.5-2 <0.5 
7 (m3/sec) (m3/sec) (m3/sec) (m3/sec) 
Inner | Outer| Inner] Outer | Inner | Outer | Inner | Outer 
slope | slope | slope | slope | slope | slope | slope | slope 
Clay and heavy 
and medium clay 
loam 1.25 1.00 | 1.00 | 1.00 1.00 | 0.75 1.00 | 0.75 
Light clay loam 1.50 1.25 |} 1.25 | 1.00 1.25 1.00 {|1.00 | 1.00 
Sandy loam 1.75 | 1.50 | 1.50 | 1.25 {1.5 1.25 {1.25 | 1.00 
Sand 2.25 2.00 | 2.00 | 1.75 1.75 |1.5 1.5 1.25 
Note: This table is used for less than 3 m earth fill; the stability 


calculation is used for more than 3 m of earth fill. 


Coefficient of Minimum Side Slope for Excavated Ditches 


























. Water depth 
oil types 

Less than 1-2 meters 2-3 meters 

1 meter 

Slight cemented pebbles 1.00 1.00 1.00 
Pebble and gravel mixed with sand 1.25 1.50 1.50 
Clay and heavy, medium clay loam 1.00 1.00 1.25 
Light clay loam 1.25 1.25 1.50 
Sandy loam 1.50 1.50 1.75 
Sand 1.70 2.00 2.25 
Note: Use 0.25 to 0.75 for ditches dug through rock stratum; usually use 


1.5 to 3.0 for coastal silt. 


Width at Top of Dike for Various Levels of Ditches 








Flow rate <0.5 0.5-1 1-5 5-10 10-30 30-50 
(m3/sec) 

Width (m) at top 

of dike 0.5-0.8 | 0.81 | 1-1.25 | 1.25-1.5 | 1.5-2.0 | 2.0-2.5 























Note: 
slight grade. 


The top width of a dike can be less in level terrain and with very 


The top width of the dike will depend on the road 
requirement when a road extends along the top of dike. 
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Superelevation of Top of Dike of Various Levels of Ditches 





Flow rate (m3/sec) <1.0 1-10 10-30 30-50 





Superelevation 0.2-0.3 0.4 0.5 0.6 

















IV. Selection of Small-scale Irrigation Ditches in Sections 





Figure 4-8. Cross-section of Small Irrigation Ditch 


Key: 
a. Ground surface e. Depth of ditch 
b. Width at base f. Superelevation 
c. Side slope g- Width at top 


d. Water surface 


For simpler calculations, the design of the .ross-section of irrigation 
ditches for a general dry field can be selected from the table below 
[table on page 193] (10 days between each irrigation and 40 m? of irri- 
gation water per mou each time). 


V. Important Points in Canal Construction 


(1) Central piles and canal models should be maintained during construc- 
tion for occasional quality reference. It is best to begin construction 
0.1 to 0.5 meter from both sides of a model point. 


(2) Digging begins from the center line. First dig deep, then dig wide. 
Proceed sector by sector and layer by layer. 


(3) When constructing the side slopes, rely on the side slope ratio in 
the design or follow the canal »odel so that there are identical cross- 
sections. 


(4) Clear the foundation by stripping away grass and tree roots before 
filling in earth when building ditches. The surface soil is removed at 
least 0.5 meter from the foot of the slope. The best way to clear the 
surface soil is to use the subsoil to build dikes. Excavate soil over a 
wide area but not deeply. Once ditch construction ends, cultivation can 
be resumed by slightly leveling the topsoil. 
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(5S) When building dikes, spread the earth from the edge toward the 
center for better compaction. After a layer of soil 0.2 meter thick is 
spread, compact the slope to reduce erosion and water leakage. 


(6) Use a zigzag connection between work sectors. 
VI. Ditch Applications and Protection 


The general requirements for ditch management and protection are as 
follows: There must be no bursting, no overflowing, no leaking, little 
water seepage, no silting and no erosion. In addition, dikes and ditches 
should be firmly built with a neat appearance. 


The flow rate and water level in a ditch should meet data specified in 
the original design. The flow rate should be steady, not fluctuating. 
Gradually increase or decrease the flow rate when necessary. Tests ot 
newly completed ditches should precede actual use. The flow rate should 
vary gradually in testing. In winter, periods when water flows i: a 
ditch should be as short as possible. Stop the water flow in freezing 
periods. 


Heavy burdens like earth and st:ones are not allowed to be piled on the 
top or slopes of a ditch dike. It is not permitted to open a dike at 
random for water irrigation and for vehicle passage. Pit digging and 
soil excavation are not allowed on a dike. During and after water flow, 
check the dike for leakage. 


Dredging and weeding in ditches should be periodic. Fishing and blocking 
of water in a ditch by a dam are banned. Be sure that the water flows 
smoothly. 


Supplement: Techniques of Meacuring Water in Ditches 


1. Method to measure the water using a float on the surface: On a wind- 
less day select a sector where the ditch is straight and level about 50 
to 100 meters long. Two cross-sections are established at both terminals. 
Measure the distance and make markings. A wooden plank or a plant stalk 
is used as a float which is placed on the water upstream. Clock the time 
from when the float passes the first marking and until it passes the next 
one. Calculate the surface flow rate of the water by multiplying the 
figure by 0.7. This is the mean flow rate (m/sec) of the cross-section. 


Calculation of the cross-sectional area after the flow rate is found. 
If it is a trapezoid, then use the equation: 


Cross-section (m2) of water flow = [(width (m) of water surface + width (m) 
of ditch bottom)/2] x water depth (m). 
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If the cross-section is irregular in shape, find the water depths (hj), 
h2, -.-) at certain distances (a) from the cross-section. Use this 
equation: 


Cross-sectional area of water flow = a(h) + hp + ...). 


For precise calculations, several cross-sections are selected. Calculate 
the mean area. Finally, the following equation is used for the flow rate: 


Flow rate (m3/sec) = average flow velocity (m/sec) x cross-sectional area 
(m2) of water flow. 


2. Method which uses a triangular weir for measuring water: 


(1) Manufacture and installation of water-measuring weir: Select a 
rectangular wooden plank whose width L should be slightly larger than 
the upper opening of the water measurement ditch. The height of the 
wooden plank should be a bit larger than the ditch depth. A rectangular 
opening is sawed out of the plank in the middle. An iron sheet is 
inserted at the edge so that the water flows smoothly around the edge. 
For adequate fluctuation of the water flow, the side width T and plank 
height P should not be less than the maximum water depth H beyond the 
weir. Usually, the side width or plank height should be more than 30 
centimeters. A water meter is installed on the weir plank facing the 
water flow. The zero point of the water meter is level with the weir 
gate (90° angle). 

















Figure 4-9. Triangular Water-measuring Weir 


During installation, the water-measuring weir should be inserted per- 
perdicularly, midway into the ditch. Build protection on both sides. 
No leakage is allowed in the weir body, weir bottom or both sides. 


(2) Use of water-measuring weir: Read the water depth from the water 
meter and find the flow rate by consulting the following table. 
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Flow Rate Table of Right Triangle Water-measuring Weir 
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| (a) x #&. @& ® 
x & _ | 
(a) i) lv ao | w 4 $0 
ial ®) ~ — 
(>) & @ (H/h) 
0 0 4.5 25.2 6.0 | 199.0 241.9 
0.5 0.03 5.1 26.9 1.0 163.7 247.0 
1.0 0.02 5.7 23.3 73.5 149.0 205.0 
1.5 0.04 6.4 30.4 77.1 152.5 260.5 
2.0 0.09 7.2 ns 04 1578 4.5 
2.5 0.15 7.9 "3.7 83.2 101.0 271.0 
3.0 0.28 $.7 35.6 6.6 166.5 276.5 
3.5 0.23 9.5 a7.4 9.7 | 170.5 284.5 
4.0 0.46 10.1 9.6 92.7 | 1765 290.0 
$5 | 0.62 11.3 41.5 70) eS 30.5 
$.0 0.83 es 43.9 100.8 185.0 ana f 
$6 (| i. 13.4 45.0 199.0 | 189.5 313.0 
6.0 1.29 146.5 47.7 1m. 5 1™.0 18.0 
65 | 1.56 13.6 M4 | 110.5 | 2.5 226.0 
7.0 | 1.95 16.9 29 | 1en | 28.0 237 0 
75) |) 2s 16.1 SS. (118.0 (212.0 342.0 
8000) 8 19.4 S78 | 122.0 20.0 | neo 
8.5 | 30 20.8 Ml | 128 25.5 | 8.0 
9.0 4.48 22.0 62.8 | 181.0 | 220.0 | 26.0 
9.5 4.06 23.5 6.8  § 135.5 | 236.5 stay 
' : . 
ad a. Water depth (cm) b. Flow rate (liters/sec) 


Method for using the tabie: The horizontal lines are values for the tens 
digit of the water meter; the vertical column at the ieft gives data for 
the unit digit and decimal. If the water meter reads 13.5, then at the 
top of the table locate 10 (follow vertical colum:), At the left side 
of the table, locate 3.5 (follow horizontal line). The figure at the 
point of intersection is 9.5 (litere/sec). This is the flow rate. 
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CHAPTER 5: SEEDS 


Propagation of Superior Seeds, Purification of Line and Revitalization of 
Varieties 


I. Technical Requirements of Propagation of High Quality Seeds 
1. A Sound System of Superior-Breed Propagation and Seed Bed System 


A state farm should establish a superior-breed team (or superior strain 
propagation experimental station) to introduce and produce pure breeds (or 
to simplify pure breeds) and to extend their propagation in first-stage 
seed beds to supply the seed beds of the production brigades or to be used 
directly in the large fields. The team breeds and purifies inbred lines of 
corn and the parent pairs of the "three-systems" of hybrid kaoliang. It 
proceeds with and organizes for experimentation, production demonstration, 
and identification of varieties, and the periodical renewal and revitaliza- 
tion of superior breeds. 


The production brigades should establish second-stage seed beds for the 
continued extension of propagating superior breeds supplied by the superior 
breed supply team (station.) These seed beds should be managed well to 
eliminate the foreign and inferior in order to guarantee the quantity and 
quality of the seeds used for production in the large fields. The seed 
propagatior work for hybrid kaoliang and hybrid corn must be performed well. 


The propagation procedure of the second-stage seed bed system is as demon- 
strated in Fig 5-l. 
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Fig 5-1 Propagation Procedure of Second Stage Seed Beds 


Key: 

1. pure breed or renewed variety 

2. stalk (spike) selection, bulk selection 

3. first year 

4. second year 

5. third year 

6. first-stage seed bed 

7. elimination of the foreign and the inferior 
8. second-stage seed bed 

9. large fields 


Note: With high multiplication crops (such as millet, etc.) after the pro- 
cess of eliminating the foreign and the inferior in the first-stage seed 
bed, the seeds may be supplied to the large fields for production directly. 


The formula for computing the area of the seed bed is as follows: 
Area (mou) of first-stage seed bed 
. area (mou) of second-stage seed bed x planting quantity (catty) per rou 


estimated production (cicty/mou) x rate of retained seeds after 
of first-stage seed bed selection (%) 





Area (mou) of second-stage seed bed 


. Pianting area (mou) of large field x planting quantity (catty) per mou 
~ estimated production (catty/mou) of x rate o retained seeds after 
second-stage seed bed selection (%) 





Note: The area obtained by computation with the above formula must be 
modified by taking into consideration the local conditions, the type of 
crop, the safety coefficient of the estimated production of the seed bed, 
and the quantity of necessary reserve of seeds (generally about 30-50 per- 
cent). 
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The multiplication rate of seeds of major crops is as follows: 
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6). & * s~100- sd) Et | 60~100 
7)4 # | 2~90 42)5 # # 10~20 

Key: 

l. crop 7. millet 

2. rate of multiplication 8. kaoliang 

3. wheat types 9. cotton 

4. soybean 10. hemp 

5. paddy rice (direct planting) ll. sugar beet 

6. corn 12. potato 


Note: The above table is for computing normal planting quantity; if such 
measures as sparse planting or accelerated propagation is adopted, the 
multiplication rate should be greater. 


2. Major Agricultural Techniques Required for Seed Beds 


(1) Seed beds of the various stages should have flat terrain, convenient 
irrigation and drainage, reasonable cropping sequence, and relatively high 
ground fertility (repeated cropping should especially be avoided in crops the 
grains of which fall easily.) Seed beds should be carefully plowed and 
intensively worked. The management should be strengthened to raise the 
quality of the seeds. 


(2) Seed beds should not be densely planted in order to guarantee the 
nutritional area of single plants so that the quality of the seeds can be 
raised. 


(3) Application of fertilizer should be higher and be reasonable as well; 
inter-row cultivation and weeding should be timely to control diseases and 
pests. 


(4) Artificially assisted pollination should be carried out during the 
blooming stage for cross-pollinated crops. 


3. Strict Prevention of Breed Mixing to Preserve Purity of Breed 
(1) During the growth period of the crop in the seed beds of the various 


stages, the purity of the breed should be identified in the beds and the 
foreign and the inferior should be eliminated. 
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(2) Mechanical mixing should be strictly prevented. During such work 
processes as seed requisition, seed treatment, planting, transplanting, 
harvesting, threshing, sunning, transporting, packaging, warehousing, and 
ginning in case of cotton, the masses should be warned against mixing so as 
to preserve purity. The machines, tools, and yards should be thoroughly 
cleaned before a different breed [variety or type] is to be worked. 


(3) Im seed beds of cross-pollinated crops, the distance between the plots 
of different varieties should generally be no less than 400-500 m in order 
to prevent natural hybridization. Attention should be given to separation 
for such frequently hybridized crops as cotton as well. 


4. Accelerated Propagation of Superior Breeds 


In order that new superior breeds can be used as fast as possible in produc- 
tion, such measures as high fertilizer and water, high quality and sparse 
planting may be adopted to raise the multiplication rate. Wheat may be 
planted as single kernels with a space of 10 cm between plants; seediings 

of paddy rice may be raised earlier for single plant transplantation and 
tillers may be removed for separate growth to enlarge the distance between 
the rows and intensive management may be adopted. Sprout-transplanting for 
potato and root-division propagation for sugar beet are also effective 
measures of accelerated propagation. 


II. Techniques of Purification of Lines and Revitalization of Varieties of 
Self-Pollinating Crops 


After a superior breed has been used in production for a certain period of 
time, obvious mixing and degeneration will occur. This is manifested in 
varied maturation stages and reduced quality and yield. Measures of puri- 
fication and revitalization must be adopted to revive the superior proper- 
ties of the original breed [or variety]. The techniques for purifying and 
revitalizing varieties of self-pollinated crops are as follows: 


1. Mixed Selection Method 


Based upon the standard properties of a given breed, single plants or spikes, 
with orderly growth, stalk formation, spike formation, and grain formation, 
lodging resistance, and high disease resistance should be selected, threshed 
and mixed together. The seeds thus obtained are to be used as seeds for 

the seed bed of the following year. Generally, this method of selection is 
suitable for selecting seeds in a sufficient quantity to supply 2-3 mou of 
seed beds. 


In the second year, plant the seeds selected from the plant (spike) in the 
first grade seed bed. On the one hand continually carry out plant (spike) 
selection. After mixing the threshed grains, retain the grain as seeds for 
planting in the first grade seed bed in the following year. On the one hand, 
strictly eliminate the hybrids and the inferior surplus plants. After har- 
vesting all the desirable plants, use the seeds for the second grade seed beds. 
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This method is simple, easily carried out, and not time consuming, but the 
revitalization effect is poorer. 


2. Single Plant (Spike) Selection, Progeny Identification, and Mixed 
Propagation Method 


This is the plant (spike) management method and effect is better than 
the mixed selection method. This method should be adopted to produce seeds 
especially when the condition of mixing and degeneration is relatively 
severe. The concrete method is as follows: 


Single Plant Selection--In the first year, from the seed bed, the large 
field, or single-plant-selection plots on which seeding is sparse, 500-1000 
single plants or spikes demonstrating typical characteristics and properties 
of the breed shculd be selected. After harvest, they should be re-selected 
indoors and threshed separately, numbered, and stored. 


Progeny Identification--The seeds selected and preserved from single plants 
(spikes) should be planted as single kernels separately in a small plot for 
each plant (spike). There should be 1-3 rows in each plot which are called 
plant (spike) row plots. During the growth and developmental period, the 
plants should be carefully observed and identified to eliminate those of poor 
growth and the disorderly and non-typical plants (spike) rows. After matura- 
tion, the superior plant (spike) rows should be harvested separately, examined, 
and identified for mixed threshing [bulking] to become the simple pure breed. 
For those breeds that are severely degenerated, in order to raise the 
revitalization effect, a secondary plant progeny plot may be added following 
the plant (spike) row plot. The selected plant row (progeny) should then be 
threshed separately and planted separately the following year to be identi- 
fied and selected again. After the superior plant progeny are ripe and mixed 
for threshing [bulking] the seeds are the purified breed. 


Purified Breed Propagation--The pure breed (or simple pure breed) should be 
sparsely planted for high multiplication propagation and the seeds are to 

be supplied to the first-stage seed-bed the following year. If conditions 
permit, duplicate plots and control areas may be established for yield compari- 
son in order to determine the precise effect of revitalization. 


Ill. Techniques of Purification and Revitalization of Breeds of Corn 


At present, hybrid corn has been extensively adopted in corn production 
(concerning the techniques of hybrid seed preparation and purification of 
inbred lines, see the section titled "Hybrid Corn") but in some regions, 
there is still some production of local superior breeds of corn and there 
are also a few single-crossed breeds of parent pair of superior breeds among 
the hybrids currently being extended. For these reasons, attention must 
still be given to propagation, purification, and revitalization measures for 
varieties of corn. The major techniques are as follows: 
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1. Method of Mixed Seed Selection and Detasselling of Alternate Rows 


On the basis of selected typical ears in the field of the previous year, 

the selected ears should have the upper and lower parts removed to retain 

the central portion. After husking, the typical seeds are selected for 

mixed planting in a separate plot (the spatial separation should be more 

than 400 m.) During the seedling stage, the foreign and the inferior are 
eliminated. During the stage of androecium development, tassels of every 
other row should be removed. The weak stalks in the rows that have not been 
detasselled should also be detasselled to prevent them from scattering pollen. 
During the harvest time, field selection of plants should continue in the rows 
that have been detasselled. In the yard, individual ears are selected; then 
the seeds are selects:d again indoors. Seeds from final selection are mostly 
supplied to the large fields for production; a small portion of these are to 
be used for continued purification and revitalization in the seed bed. 


2. Method of Semi-separate Seed Selection 


In the first year, 200-300 typical ears are selected from ears in the field. 
After harvest, they are reselected indoors to retain 100-200 ears. The seeds 
of a single ear are removed separately and numbered, and the seeds of every 
ear are divided into two portions: one for careful preservation and the 
other for planting in the second year. The seeds of every ear should be 
planted in its own row in order to carry out ear row comparison (the seeds 
harvested from the large fields belonging to the same breed may be used as 
the control,) by observing the orderliness of growth and the superiority of 
properties (the seeds are not retained for planting becuase the pollination 
is mixed.) In the following year, the other half of the seeds of the good 
ear that had been stored are used for planting in a separate plot and the 
alternate row detasselling technique is again used to select, purify and 
revitalize once more. The advantage of this method is that during the puri- 
fication process, the typical plant and the atypical plants are not cross- 
pollinated. For breeds, the purity of which is very poor, the typical ears 
may be used continuously for several semi-separate selections to reach the 
objective of selecting the best of the pure. 


3. Method of Controlled Pollination 


In the first year, 100-200 typically superior single plants should be selected 
from the ceed bed. Before silk appearance, small paper bags are used to cover 
the ears. After filament appearance, single superior plants are selected 
again and large paper bags are used to cover the tassels, and the pollen of 
the typical plants are gathered in the bags in the morning of the following 
day. The pollen thus collected is scattered onto the ears which have been 
covered by paper bags before. After harvest, ears are selected again indoors 
to eliminate the inferior ones. In the following year, seeds of the final 
selection are planted in a separate plot and the method of alternate row 
detasselling is again used for selective propagation or the technique of con- 
trolled pollination may be used for continued purification. 
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IV. Purification-Revitalization Techniques for Cotton 
1. Method of Mixed Selection 


This is a relatively preliminary method of combining selection with cultiva- 
tion. It involves mainly the processes of plant selectio™, boll selection 
and section selection in the se -d bed before selection, seed by seed, for 
mixed propagation. This method can be conveniently managed, is not time 
consuming and is an effective method for preventing degeneration of superior 
breeds and for supplying large quantities of seeds easily. At present, in 
farms having a small number of pure breeds or producing no pure breeds of 
their own, this method may be adopted to improve the quality of available 
seeds quickly. 


2. Method of Single Plant Selection, Progeny Comparison, and Mixed Progeny 
Propagation 


The quality of seeds propagated with this method is relatively high, while 
the technique is simpler than the intra-variety hybridization technique. 
it is currently the most commonly adopted method in state-operated farms. 
The concrete procedure is as follows: 


First Year Single Plant Selection--In the beginning and during the peak of 
boll opening stage, 800-1500 plants of superior and typical characteristics 

in the large fields are selected, and 4-8 bolls are selectively obtained from 
each plant. The bolls of each plant are harvested separately in order to 
measure and determine the fiber length, as well as such characteristics as 

the fiber ratio and the boll weight. The selected bolls of a single plant 

are ginned separately; the seeds packed in a separate bag for progeny compari- 
son in the following year. 


Second Year Progeny Comparison--The seeds of each plant selected in the 
previous year are planted singularly in one row, which is called a plant 
progeny. A control row is established in every nine rows for comparison. 

The length of a row is generally 7-10 m, and the rows are generally 60-100 cm 
apart, and the plants are 30 cm apart. This kind of cotton plot is called a 
“plant progeny plot.” The cotton plants in the plot are observed and the 
data recorded during each of the growth and developmental stages for select- 
ing the superior plant progeny. In the selection, single plants of superior 
quality are selected first. About 800-1500 plants are chosen to be harvested 
separately for seeds for plant progeny comparison in the following year. 
During selection of the plant progeny, bolls of the 1-2 fruit nodes of the 
middle and lower fruit branches of each plant are collected to obtain about 
50 bolls from each plant progeny. After indoor examination, 500-1000 plant 
progeny are selectively retained for mixed ginning. Inferior seeds are 
eliminated and the remaining form the simple pure breed to be preserved 
separately for propagation in the third year. 
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Third Year Mixed Progeny Propagation--The seeds of the simple pure breed 
produced in the previous year are planted in the seed beds. This is called 
mixed progeny propagation. In order to save seeds, the seedling transplant 
or the single kernel planting technique may be adopted to enlarge the propa- 
gation coefficient. 


The technique of single plant selection, progeny comparison, and mixed 
progeny propagation for purification and revitalization is demonstrated in 
the following diagram: 
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Fig 5-2 Single Plant Selection, Progeny Comparison, Mixed 
Progeny Propagation Method for Purification and Revitalization 


Key: 
l. first year 7. fourth year 
2. separate harvest of superior plants 8. single plant selection 
3. second year 9. progeny comparison (plant 
4. mixed superior progeny progeny plots) 
5. third year 10. mixed progeny propagation 
6. mixed harvest and elimination of (seed bed) 
inferior ll. large field 


3. Intra-variety Hybridization Technique 





It is divided into the w.hree parts--intra-variety hybridization plot, plant 
progeny plot, and pure breec piot. After the pure breed is produced, there 
must still be pure breed comparison experiments. For example, if the seeds 
of the second generation pure breed are to be supplied for 50,000 mou of 
large fields, the area for each plot should generally be: 2 mou for the 
intra-variety hybridization plot (half and half for each of the parent pair), 
4 mou for the plant progeny plot, and 5 mou for the pure breed plot. 


Selection of Parent Pair: 


Female--For those farms that have established revitalization programs, a 
single plant may be selected for its superior quality from the plant progeny 
plot of the farm to serve as the female material. If a revitalization pro- 
gram does not exist, superior single plants may be selected from a local 
cotton field of good growth and development to serve as the female material. 
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Male--Superior single plants of the same variety are generally adopted from 
an outside pure breed farm or from a nearby superior breed propagation farm 
to serve as the male material. 


The number of single plants selected for the female is generally about 1,000 
and for the male about 500. The principle and the method for single plant 
selection are the same as described in the above. 


Revitalization Plot (Intra-variety Hybridization Plot): 


The parent pair of superior plants selected in the previous year are planted 
in separate areas and as separate single plants, or the female and the male 
may be planted as single plants every other row, generally with the rows 
measuring 3-10 m, and an inter-row space measuring 60-100 cm. In preparation 
for hybridization, a strict selection should be carried out about 5-7 days 
before blooming to pull out all atypical plants in order to retain superior 
single plants in the typical plant progeny. During hybridization, hand 
pollination or remasculation pollination technique (generally use the non- 
emasculated pollination method) should be carried out on the 1-2 flowers of 
the 2nd-7th fruit branches near the main stem. The flowers should be labeled 
after pollination. 


After boll opening and before harvesting, another selection should be carried 
out to eliminate the atypical and the ones with poor boll formation, as well 
as the plant rows or plants that are late ripening. Afterwards, the bolls 
that have been hybridizea in the selected plant progeny are harvested 
separately, and the total number of hybridized bolls of each plant progeny 
should be recorded. The bolls of the remaining plants should be harvested 
together. The seeds of these bolls are not preserved for propagation. The 
items examined in the selection process include the weight of the boll, the 
fiber length, the fiber ratio, and the seed ratio. 


Plant Progeny Plot: 


Each superior plant progeny selected from the revitalization plot of the 
previous year should be planted in a small individual area. The number of 
rows in eac’: small individual area should be determined by the number of 
seeds in each plant progeny and the seeds of the pure ‘reed should be used 
as the control. Each hole should be planted with the same number of seeds 
and the plants should be regularly observed and the di.ta recorded through- 
out the growth and developmental period. If inferior plants number more 
than two percent, the entire system should be elimirated. In the beginning 
of the boll opening stage, the purity aod orderliness of the plants in the 
plots should be inspected and the atypical piants should be pulled out. 
Afterwards, the fiber length and fiber rati should be determined while the 
plants are still in the field so as to determine which plant progeny should 
be eliminated. 
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During the boll opening stage, 50 bolls of the lst-2nd nodes of the 2nd-4th 
fruit branches of the selected plant progeny that are opening normally should 
be collected. Each progeny should be collected separately to determine the 
boll weight, the fiber length, the fiber strength, the fiber ratio, the fiber 
index and the seed index. Based upon the results of field inspection and 
quality examination, 400-800 plants of the better plant progeny sh wld be 
selected to serve as the femaie of the revitalization plot for the following 


year. 


After the bolls are harvested from each area separately, the weight of the 
pre-frost bolls and the post-frost bolls of each progeny should be determined. 
The yield of the pre-frost bolls and the total yield should be compared with 
the average yield of the control. Finally, based upon the yield expression 
and the result of indoor inspection, the selection of the plant progeny is 
determined; the bolls of the selected progeny should be ginned separately 

and preserved. 


Pure Breed Plot: 


The plant progeny selected in the previous year should be planted separately, 
with the inter-plant space wider than normal field production. During the 
growth and developmental period, the typical characteristics and the uni- 
formity of the plants of each area should be observed regularly and if the 
atypical plants number more than two percent, the entire progeny should be 
eliminated. At the boll opening time, the selected progeny area should be 
harvested together, and after ginning, the pure breed is obtained. 


Pure Breed Comparative Experiment: 


The goal of the experiment is to determine the yield increase result of the 
pure breed product and its offspring (lst-2nd generations). Generally, the 
pure breed produced in the farm or a nearby pure breed farm is used to com- 
pare with the first and the second generation of the pure breed. Seeds pro- 
duced in the large fields of the farm are used as the control. The compari- 
son is generally carried out repeatedly for 6 times. 


The intra-variety hybridization technique has the effect of increasing the 
vitality and the yield and improving the quality, but after the second 
generation, the effect drops year after year. For this reason, the propaga- 
tion process should be shortened as much as possible to reduce the number of 
years required for propagation in order to obtain obvious effects. 





V. Techniques of Propagation of High Quality Sugar Beet Seeds 
1. The Three-Stage Propagation System 


The sugar beet is a cross-pollinated crop, and mutations occur easily. In 
the process of propagation, cultivation and selection must be emphasized. 
A three-stage system of the original pure breed, the pure breed, and the 
breed for production use is generally adopted. 
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The original pure breed sugar beet is the parent root, cultivated through 
intensive management for the purpose of preserving the superior characteris- 
tics of the breed. After preliminary selection, the sugar content is 
analyzed from each plant to select the superior parent root, which is high 
yielding, has a high sugar content and orderly root formation. In the 
second year, the plants are re-selected to eliminate the inferior and the 
superior ones are planted separately. The seeds thus obtained become the 
Original pure breed. When the parent rerot, cultivated from the seed of the 
original pure breed produces seeds, they form the pure breed after they are 
harvested. In producing the pure breed, the process of selecting the 
superior and eliminating the inferior is also practiced. There is also a 
sugar content analysis. Methods such as the saline water and mud water are 
used to select the parent root of greater specific gravity. The selected 
parent root is cultivated in isolation to produce seeds. The seeds propa- 
gated from the pure breed are the seeds used in large field production. 


’ 


2. Parent Root Cultivation Technique 


The cultivation technique for the parent root is basically the same as 

that of ordinary sugar beet, but the density of planting is greater so as 

to increase the parent root vield (quantity). The space between rows is 
generally 45-60 cm; the space between plants 10-20 cm; 8000-10000 plants 

are retained per mou. The number of parent roots harvested per mou should 
be sufficient to provide the cultivation of 2-4 mou of seed-collecting plots 
in the following year. The management of the parent root fields should be 
strengthened; the seedlings should be thinned and replanted early. There 
should be measures to prevent and control disease and pests and fertilizer 
application should be increased. Before enclosure, phosphorus and potassium 
fertilizers should be applied to increase the storage-tolerance of the parent 
root. There should be strict field selection to eliminate the inferior and 
diseased plants and those of fodder-type sugar beet. A knife should be used 
to cut of f the leaves. and the discarded stalks can thus be harvested for 
other uses. The parent root field may also be planted immediately after the 
harvest of the summer crop to enlarge the crop-repeating area as well as to 
improve the quality of the parent root, but there should be at least be 7% 
days for the parent root to grow and the planting density should be suitably 
increased to 10,000-13,000 plants per mou. 





3. Harvest, Selection, and Storage of Parent Root 


It is better thatthe parent root be harvested at a time when the mean dally 
temperature is 5-10°C. The roots will rot easily if they are harvested too 
early, and freeze easily if they are harvested too late. After the harvest, 
the plants should be piled into a small pile, with the roots facing the in- 
side and the Leaves facing the outside to prevent water or frost damage. In 
the cutting process, care should be give so that the tip bud is not injured. 
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In the process of harvesting and storage, the parent roots should be 
carefully selected. The formation and color of the root should be normal; 
there should not be large branch-roots; the weight of the root should be 
more than 200-300 g; the green head should be small; there should be no 
multiple heads, no empty core, no serious disease and pest damage, no 
mechanical injury, no water seepage, no frost damage; and the roots should 
be fresh when they are placed in tanks for storage. 


There are many types of storage tanks, either covered or buried. It is 

best that the parent root tank have a temperature of 1-3°C and a relative 
humidity of 85-95 percent. During the storage period, there should be 
periodical inspections and increased management. Attention must be given 

to temperature regulation to prevent over heat, rot, or freezing. In the 
following spring, the roots should be planted as they are taken out of the 
tank. All roots taken out of a tank must be planted on the same day in order 
to prevent the roots from withering. 


4. Seed Collection Techniques 


(1) Selection of Isolated Areas: Areas from which different breeds are 
collected should be more than 1000 m apart, and should have a distance of 

at least more than 1500-2000 m from the area where seeds of fodder sugar 
beet are collected. There ust be no bee colony in the vicinity. Several 
rows of crop plants with tall stalks should be planted in the area surround- 
ing the seed-collection field. 


(2) Planting: Roots should be planted immediately when 15-25 cr of the 
ground has thawed. Early planting can improve the sprouting rate and the 
growth rate. The density of hole-planting should generally be 1800-2600 
plants per mou; 2200-3600 plants per mou may be planted for parent roots 
harvested after summer seeding. The roots should be planted straight, with 
the tip bud located about 3-5 cm below the ground surface. 


(3) Fertilizer Application: Aside from the basic fertilizer, fertilizer 
should also be applied in the hole; an additional application is required 
before stem-growth, with mainly nitrogen fertilizer, coordinated with some 
phosphorus. When fertilizer is applied in the hole, attention should be 
given to mixing it with the soil so as not to burn the seedling. 


(4) Managemeut: In addition to the usual inter-row cultivation, irrigate, 
and take disease and pest control measures. After blooming, the tip should 
be removed within 7-15 days. During the first stage of blooming, pollination 
should be artificially assisted (pulling rope), so as to improve the yields 
of seeds. 


(5) Harvest: When more than one third of the seed-globes nave turned a 
yellow color and when the inside of a seed-globe is powlery after it is cut 
open, it is suitable for harvesting. After harvesting, the seeds should be 
timely collected to prevent them from falling off. 
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Introduction and Selection of New Variety of Seeds for Cultivation 
I. Imtrcduction of Seeds for Cultivation 


Bringing in superior cultivars from other areas for experimental planting 
and selecting those that appear to be good in the local area to be used 
directly in production is called seed introduction. When seeds are intro- 
duced, attention must be given to the following: 


l. The Objective Should Be Clear and Precise 


Seed introduction should start from the production requirements of the local 
area to bring in those breeds that have the desired characteristics and 


properties. 
2. Principles of Seed Introduction Should Be Mastered 


As much as possible seeds should be introduced from areas having similar 
latitude, elevation, and natural conditions as the local area. If the lati- 
tude and elevation are different, attention must be given to the developmental 
stages of the crop. For example, if such short daylight exposure crops such 
as paddy rice and millet of the north are introduced southward, a shortened 
grovth period will generally occur; therefore, late maturing breeds of the 
north should be selected to become medium maturing breeds of the south. If 
southern breeds are to be introduced to the north, early maturing southerp 
breeds should be selected to form medium or late maturing breeds in the north. 
If the latitude is almost similar, millet breeds should be introduced from 
the lowlands to the high lands, while cool mountain region potato breeds 
should be introduced to the temperature plain regions. When breeds such as 
corn, kaoliang and soybean are introduced, attention should also be given to 
the accumulated temperature which must satisfy the needs of the growth period 
of such crops. 


3. There Must Be Experimental Cultivation 


Experimental cultivation must be carried out when new breeds are introduced 
to examine seriously the high vield property, the suitability, and the 
adversity resistance (resisting diseases, pests, and natural calamities) of 
the breeds to the local area. Aside from small acreage experimentation, 
many experimental areas and production tests should also be carried out to 
verify their stable and high yielding property before their popularization. 


4. Attention Should Be Given to Disease Inspection 


The introduced seeds must be inspected to prevent the introduction of new 
and locally non-existent pests and diseases with the seeds. 
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Il. Progeny Selection Breeding (Method of Individual Selection) 


This method is also called “single-spike line" or “single-plant line." 
The method is simple, and produces a good result for such self-pwllinated 
crops as paddy rice, wheat and soybeans. The effect is especially great 
if the selection is performed for a superior breed that has been in culti- 
vation for a relatively long time or from a group of hybrids, newly bred 
out and still segregating. The progeny selection breeding method may also 
be carried out in a year of unfavorable natural conditions to select an 
individual of a specific resistance. The result will also be very good. 
The concrete method is as follows: 


In the first year, based upon the objective of selection, superior single 
plants or spikes should be selected from the field. After they are examined 
and re-selected indoors, each plant (spike) should be threshed separatelv, 
preserved, and numbered. 


In the second year, seeds from each plant or each spike should be ;-ianted 
in separate rows to form the plant rows. Every 10th row plant a control 
row (using the original breed or a local superior breed) so that comparison 
and cbservation can be made and superior plant rows of orderiy growth can 
be selected. Each row should be harvested and threshed separately. 


In the third year, the superior plant rows selected in the previous year 
should be planted in an isolated area. A control area should be established 
so that through careful observation and yield comparison the plant progeny 
can be established. Then select a good small area, eliminate the diseased 
and inferior plants and harvest separately. 


in the fourth year, the large area yield comparison and multiple-point 
certification are carried out to verify the superior qualities of the 
selected which may thus be regarded as the new superior breed to be propa- 
gated and extended. 


For such crops as millet that have relatively high rate of natural mutation 
among the self-pollinated crops and in such commonly cross-pollinated crops 
(such as kaoliang and cotton) if the segregating phenomenon is discovered in 
the plant row, the repeated single plant selection method may be adopted. 
With this method, plant or boll (spike) selection is carried out continuously 
2-3 times to select a single system of stable superiority before progeny 
comparison and yield identification. 





Ill. Hybridization Breeding 


Hybridization is an important method of creating new varieties (especially 
for self-pollinated crops and commonly cross-pollinated crops). It may be 
used among the hybrids to recombine the superior characteristics of the 
parent pair in order to breed out a new variety having the superior proper- 
ties of both parents. The hybridization breeding method is divided into 
sexual hybridization and asexual hybridization. Sexual hybridization is the 
most popular method. 
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l. Principle of Selecting the Parent Pair 


The superiority and inferiority of the parent pair will determine the 
desirability and undesirability of the hybrid offsprings. Before selective 
mating, the properties and their inheritability of the parent pair must be 
studied and profoundly mastered so that the parent pair will be correctly 
selected. The general principle is as follows: 


(1) .As much as possible select varieties with large number of superior 
properties and fewer number of inferior properties. The advantages and dis- 
advantages of the selected parent pair should be mutually complementary 


(2) A local superior breed should be selected as one parent and a breed 
with relatively good combining properties, from a distant geographical] 
region, and of an ecological type very different from the other parent 
should be selected as the second parent. 





(3) Between the parent pair, there shculd be one parent that has relatively 
complete overall superiority, and the other parent is used to reconstruct 
its few and definite shortcomings. The effects of hybridization may thus 

be easier to accomplish. 


2. Major Forms of Hybridization Combination 


(1) Hybridization of Pairs: That is to say two varieties [or breeds! are 
used to proceed with hybridization. Generally the female is written first. 
For example, in A x B, A is the female, expressed by the symbol "o"; B is 
the male, expressed by the symbol "$"; the symbol x means hybridization. If 
A x B is called a positive cross, then B x A is called a reverse cross. 
Sometimes, hybrids of positive and reverse crosses are basically the same, 


but sometimes there may be very great differences among then. 


(2) Back Crossing: The first generation hybrid of the parent pair (often 
expressed as F)) is used to hybridize with one of the parents. This pro- 
cess is called back crossing, and it may be carried out continuously for 
several times, as demonstrated in Fig 5-3: 


A B 


x 
First Generation Hybrid x A 


J (back crossing) 


Offspring of One Back Crossing x A 
(Single-plant with Superiorities , 


of B) | (back crossing) 


Offspring of two Back Crossings x A 
(Single-plant With Superiorities 


of B) | (back crossing) 


After a superior single plant having the superiorities of the parents A and 
B, and having overcome the inferiorities of parent A that have been in need 
of reform is selected out, then it is purified through seif-crossing. 


Fig 5-3 Diagram Demonstrating Back Crossing 
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The parent participating in back crossing (such as parent A) is called the 
recurrent parent (both the male and the female cam serve as the recurrent 
parent). After many back crossings in hybridization, however, the in- 
herited characteristics will gradually change in favor of the recurrent 
parent. When the back crossing technique is used to reconstruct one or two 
unfavorable characteristics of a certain superior breed, that superior breed 
should be used as the recurrent parent to be hybridized with another breed 
which is capable of making up the specific shortcomings of the superior breed 
(such as parent B). Among the hybrid offspring, a single plant(s) having 
the characteristics which are the objective of the reconstruction program is 
selected for multiple back-crossings. In this manner, a new superior breed 
of the basically same characteristics and properties of the recurrent parent 
but also of superiorities not belonging to the recurrent parent may be 
selected out. This is to say that the target characteristic(s) can thus be 
reconstructed into the breed of the recurrent parent in need of reconstruc- 
tion. 


(3) Compound Hybridization: More than two parent pairs may be used for 
hybridization, as demonstrated in Fig 5-4. 


Ax B Ax B C xD 
¥ 4 v 
First Generation Hybrid (F,) x C Fi x Fy 
First Generation Compound Hybridization First Generation Compound 
Compound Hybridization of 3 Parents averse 
Compound Hybridization of 
4 Parents 


Fig 5-4 Diagram Demonstrating Compound Hybridization 


The advantage of compound hybridization is the fact that the superiorities 
of more than two parents can be concentrated in the compound hybrid off- 
springs. The range of change of the offspring is greater and many new types 
may appear. 


3. Items to be Emphasized in Artificial Hybridization 


(1) There must be a thorough understanding of the flower structure, the 
blooming habit, the characteristic of pollination, the pollen, and the 
ability of the stigma to preserve fertilization. 


(2) If the blooming stages of the parent pair are not the same, adjustments 
should be made to cause the blooming stages of the parents to coincide. The 
technique often used is to plant at different times (a late ripening parent 
is planted early or the early ripening parent is pianted later), or the 
planting process may be divided into several stages to adjust the blooming 
stages of both parents. 
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(3) The space between the rows and between the plants may be made wider 
and the cultivation technique of the parent pair may be strengthened to 
cause the plants to be very strong so as to obtain hybrid ofisprings o- 
high vitality. The hybridization process may thus be made easier as weil. 


(4) The detasselling process must be thorough. The anther must not be 
broken; the pistil and the stigma must not be damaged; the plant must not 
be broken in the process of detasselling. 


(5) After detasselling and pollination, bags must be used immediately for 
isolation and labels must be placed on the plants to mark the name of the 
parents and the date of hybridization. 


(6) After hybridization, field management must be emphasiced to strenegthe: 
protective measures. The seeds should be harvested in time aud stored 
ably well. 


4. Sexual Hybridization Techniques for Wheat 


Floral Structure--Wheat has a compound spike type inflorescence, which is 
formed by the spike axis and many spikelets. Each spikelet has two glumes 
and 3-9 blooms (florets). There is one inner bract (palea) and one outer 
bract (lemma) in each floret, in which there are 3 stamens (composed of 
anther and filament) and one pistil with feather-like stigma (Fig 5-5). 





Spikelet Floret Flower 


Fig 5-5 Spikelet and Flower of Wheat 


|. spike axis 


6. ovary 
2. protective glumes 7. lemma 
3. palea 5. stigma 
d beard 9. anther 


>». seales (lodicules) 
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Blooming Habit--On the same wheat plant, the spike of the main stem blooms 
first; on the same wheat spike, the florets of the spikelets of the central 
part bloom first. Afterwards the blooming action spreads upward and down- 
ward. On the same spikelet, the blooming action starts at the base and 
spreads upwards. 


The blooming time is greatly affected by the weather. Generally, blooming 
begins 2-5 days after the leaf-bracts have appeared. Blooming can occur 
at night or during the day, but mostly in daytime. There are often two 
peaks in the morning and after the noon-hour. More often the florets open 
in the morning. 


Hybridization Method-- 


(1) Trimming the Spikes: For the spikes of the female, strong spikes of 
satisfactory growth should be selected before they begin to bloom. The 
spikelets in the upper and the lower parts of the selected spike should be 

cut off to retain only 5-8 spikelets in the central part. For those beerded 
varieties, the beard should be cut off. Pincers should then be used to remove 
the florets of the central part that are not well developed. On each spike- 
let, only two florets at the base of the spikelet should be preserved. 


(2) Detasselling: The left thumb and central finger should be used to hold 
the wheat spike tight. Use the index finger to apply pressure on the tip of 
the glume of the floret causing the palea to open up. Holding the pincers 

in the right hand reach into the floret to lightly pick out the three stamens. 
After the floret is thus detasselled, a bag should be used to isolate it. 


(3) Pollination: Pollination should be performed 1-3 days after detasselling. 
At this time, the stigma spreads out like a feather. Pincers should be used 
to pick up mature fresh anther (attention should be given not to select old 
anthers that have bloomed in closed bracts) in the blooming male spikes of 
the few florets in the central part of the spike. The anther is then taken 
to the stigma of the female and applied lightly as if painting. Aiter polli- 
nation, a bag should be used to cover it for isolation. The bag should be 
taken off a week later so that the spike can fully develop. 


1. 
| 
i } ‘ 
j } 
\ 
‘ ‘ 4 


Removing Florets in the 
Center of the Spikelet 





spikelet With the Beard A Trimmed Spike 
ad Upper and Lower Parts 
cut Off 
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After detasselling or pollination, a transparent bag should 
always be used to cover. 


Fig 5-6 Wheat Hybridization Work Procedure 
5. Sexual Hybridization Technique for Paddy Rice 


Floral Structure: The paddy rice inflorescence is a round cone, having a 
main panicle, branch panicles, and small branch panicles. A spikelet (1.e. 
the inflorescence) grows on the tip of each of the smali branch panicles. 
Each flower has one lemma and one palea, in which there are six stamens and 
one pistil with two feather-like stigmas. 








> aay 1. accesory protective 
nel £9 glume 
lf Hf 4 2 protective glume 
) lemma 
\ j 4. palea 
ir —t 5 scales 
A Vin pang 6 ovary 
\ ed 6 /. stigma 
i; 8. filament 
\{ 9. anther 
Morphology of Inflorescence After Lemma and Palea 
at Blooming Time Have Been Removed 


Fig 5-/ Structure of Paddy Rice Flower 
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Blooming Habit: On the day or the day following the appear-snce of the rice 
spike from the sheath, blooming begins and continues. The sequence of 
blooming is from the tip of the spike gradually downward; on the various 
branch panicles, blooming starts at the tip, then at the base, then spreads 
upward. The blooming time during the day varies with the location, the 
variety, and the weather, but blooming occurs generally mostly in the morn- 
ing. Under natural conditions, the viability of the anther lasts only five 
minutes, but the viability of the stigma may last 5-6 days. 


Method of Hybridization: 


(1) Trimming the Spike: When the spike is about half out of the sheath, 
the sheath should be peeled off and the spike trimmed to thin the flowers. 
Those flowers on the upper part that have bloomed and those flowers that 
are overly tender at the base should be cut off to retain 10-20 flowers ir 
the central part. 


(2) Detasselling and Pollination: The artificially cutting method is 
commonly used to remove the stamens; there are also the warm-liquid de- 
tasselling method and the hot air detasselling method. 


Glume Cutting Method of Detasselling: This is a relatively old detasselling 
method. A pair of scissors should be used to cut diagonally about 1/3-1/4 
off the tip of the outer lemma. A pair of pincers should then be used to 
reach into the bracts to remove the six complete anthers. After detassel- 
ling, a bag is used to cover the flower for pollination in the following 
day. In this manner, self-pollination may be prevented, but the fruiting 
rate is relatively low, and due to the fact that the glumes are no longer 
complete, the hybrid seeds are often abnormally formed. When the offspring 
are planted, careful management must be given. 


Warm-Liquid Detasselling Method: At about 1-2 hours before blooming, rice 
spikes that have appeared 2/3 or 3/4 out of the sheath should be selected 
as detasselling targets because they will bloom on the same day; or the rice 
spikes that have a few blooming flowers at the tip may be selected as the 
targets of the day. Fill a hot water bottle with warm water of 42-45°C 
(42-43°C for upland non-glutinous [indicy] variety rice, 44-45°C for non- 
glutinous long grain [Japonica] variety rice). The selected rice spike 
should be thrust diagonally into the hot water bottle to soak 8-10 minutes 
for the upland non-glutinous variety and 5 minutes for the non-glutinous 
long grain variety. The glumes should open about 20 minutes after soaking 
and pollination may be performed immediately. Those flowers whose glumes 
do not open should be completely cut off. 
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I, 
Warm-liquid Detasselling Hot Air Detasselling 
Fig 5-8 Paddy Rice Detasselling 


Hot Air Detasselling: The difference between hot air detasselling and warm 
liquid detasselling is that with the former method the stamens are directly 
killed with the heated water, with the latter they are killed by the hot air. 
The concrete method is to fill a hot water bottle with warm water of about 
50°C. During the detasselling operation, the warm water is poured out. The 
air in the empty hot water bottle at that time is about 45°C and will remain 
at that temperature for about 8-10 minutes. This is the temperature required 
for detasselling. All it takes is to turn the hot water bottle upside down 
and place the female spike directly into the empty hot water bottle. 


Method of Pollination: A pair of pincers should be used to pick up mature 
anther and reach into the detasselled flower to let pollen fall onto the 
stigma with a light shake. The male spike may also be placed in a warm water 
container of 30-35°C; or it may be covered with a black red cloth to shade it 
from light in order to promote blooming. Afterwards, it may be covered to- 
gether with the female spike by a single black paper bag. Pollination is 
completed when the black paper bag is shaken slightly. After pollination of 
the entire spike is completed a transparent paper bag should be used to 
cover it gently. The lower opening of the bag should be sealed with a safety 
pin. A card should be hung on the safety pin and the hybridization grouping 
and date penciled in. The transparent bag may be removed 2-3 days after 
pollination. 


6. Sexual Hybridization Technique for Soybeans 


Floral Structure: The soybean has grouped inflorescence, butterfly-shaped 
flowers and clustered growth. Each flower has 5 sepals [calyxes], 5 petals 
(1 flame petal, 2 wing petals, 2 dragon-bone petals), 1 pistil (with globular 
stigm .-. stamens (nine of which are joined to form a tube-like envelope 
surround.a, the pistil, and one is separated by itself.) 
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Blooming Habit: The duration between planting and blooming in soybeans 
varies with the variety. Generally speaking, the soybean blooms about 

20-50 days after planting. The peak blooming time is the period 5-10 days 
after the blooming begins. From the formation of a young bud to blooming, 
it is about 3-7 days. The suitable temperature for blooming is 25-28°C; 
generally more flowers bloom in the morning. Pollination occurs before the 
flower opens in soybeans, and normally the pistil is ripe before the stamens; 
therefore, detasselling and pollination should be performed in the budding 
stage. 
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soybean petal pistil and stamens detasselled external appearance 
of soybean pistil of a soybean flower 


Fig 5-9 Structure of Soybean Flower 
Method of Hybridization: 


(1} Selection of Flower: For soybeans of the limited pod formation habit, 
flowers of the middle, upper nodes should be selected; for varieties of un- 
limited pod formation, flowers of the middle and lower nodes should be 
selected. These flowers bloom early and are sufficiently nourished. They 
will not fall easily. Of these flowers, the most suitable ones are the ones 
whose corolla color is visible but the calyx has not yet extended out of the 
corolla. If the calyxes have extended out of the corolla, pollination has 
often occurred although the flower has not bloomed yet. 





(2) Detasselling: With the aid of a magnifying glass, the flowers that 
have bloomed and the buds that are too tender should be removed from the 
floral bundle with pincers to retain 1-2 buds that are suitable for detassel- 
ling. The speals of these buds should be peeled off and the corolla should 
be lightly pulled out with pincers (in this manner the androecium may be 
pulled out with it) and all 10 stamens should be cleaned out (if pollination 
is not performed immediately the flower-bud should be wrapped with a live 
leaf for isolation). 


bud suitable for 


collecting pollens 


AN, 
NY } bud suitable for 
Vly detasselling 
] “ % 


x 


Fig 5-10 Buds Suitable for Detasselling and Pollen Collection 
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(3) Pollination: Pollination may be carried out immediately after 
detasselling, or in the morning o. the following day. For the male, flowers 
that have not bloomed and have fresh yellow pollens may be selected. During 


pollination, the sepals and the corolla of the male should be removed. The 
base of the flower should be held tightly with pincers causing the anther to 
rub against the stigma of the female lightly. After pollination, live leaves 


nearby should be used to wrap up the flower and a safety clip should be used 
to fasten it to prevent evaporation which will cause the stigma to become dry 
nd fail 


(4) After hybridization, the female should be cared for and protected. The 


flowe s and pods should be timely thinned so that the nutrient supply will 
be ampl un order to reduce fall-off. 
Sexual Hybridization Technique for Cotton: 


ral Structure: The cotton flower is of unlimited inflorescence, with 

-'e Liowers. There are 5 sepals, Linked together; 5 petals, 60-90 stamens, 
anc . pistil. The stamen is composed of anther and filament. The base of 
the tilamert is joined to form a tube-like stamen-tube which is joined at 
the base of the corolla and envelops the outside of the pistil. 


#* --stigma 





aa--androecium 
ttt®--styles 


: --OvVar 
bracteal leaf- 7A y 


Fie 5-11 Floral Structure of Cotton 


blooming Hobit: Cotton generally blooms in the morning. Just before or 
* after looming, or just when the flower blooms, the anther breaks open. 
[In the aiternoon, the corolla gradually turns red and withers. In the morn- 
ing of the day of blooming, if pollens from a flower blooming in the same 
are used for fertilization, the fruiting rate is the highest. 
ivb; ization Method: 
ting a Flow etasselline: At 4-4 o'clock in the afternoon, 
rf my ~vin etem belonging to a central part fruit 


» the next day are selected from a female 
' ed out of the bracteal leaf. The nail of the 
of! the corolla 


is » the iyx to Lightly peel 
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and the androecial tube. A straw with a node or a curve on one end and 
measuring about 4 cm (the diameter of the open end should be slightly 
larger) should be used to cover the stigma all the way to the upper end 
of the ovary to isolate it from pollination. While the female is being 
detasselled, a male flower should also be selected so as to be ready for 
the fertilization on the following day. A flower that is to bloom on the 
same day as the female should be selected. A string should be used to 
tie up the corolla to prevent pollen of other flowers from entering and 
mixing with pollen of the male flower. 
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After detasselling and pollination, 
a straw should be used to cover the 
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Fig 5-12 Hybridization of Cotton 


Pollination: Between 9-10 o'clock in the morning of the following day when 
the flower blooms and the anther breaks open, a small brush is used to 
collect the male pollen to be rubbed onto the stigma of the female for polli- 
nation. After pollination, a straw should be used to isolate the stigma. 
When the hybridization grouping is to change, alcohol should be used to kill 
the left over pollen on the brush and any container to prevent mix-up. When 
pollination is complete, the names of the female and male and the date of 
pollination should be written on a card and hung on the flower. 


8. Selective Breeding of Hybrid Offsprings: Sexual hybridization and 
selective breeding of hybrid offsprings form two important links in hybridi- 
zation breeding. The superior characteristics of the hybrid offsprings can 
only develop fully under suitable cultivation conditions. Only then can 
effective selection among them proceed. If drought-resistant varieties are 
to be bred out, the hybrid offspring should be cultivated under arid condi- 
tions. If lodging resistant high yield varieties that are fond of water and 
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fertilizer are to be bred out, they should be cultivated and selected under 
conditions of high water and fertilizer applications. In this manner, new 
varieties with the objective can be selected and bred out. Treatment of 
hybrid offsprings may be divided into the method of single plant selection 
and the method of mixed single plant selection. 





Repeated Single Plant Selection Method (Progeny Lineage Method): 


First Generation: Seeds obtained from hybridization should be planted, one 
grain in each hole and in separate groupings, to form short rows; the space 
between the rows and the plants should be suitably greater. In front of 
each group, there should be one row each of the male and the female to serve 
as the control. The first generation paired hybrids are not segregated and 
single plants are not selected. The pseudo-mixtures (i.e. plauts that are 
completely the same as the female) are the only ones to be eliminated. Dur- 
ing the growth period, the plants are carefully observed. Before ripening, 
the seriously diseased and weak-stalk inferior groupings are eliminated. 

The remaining are harvested in separate groupings, threshed and stored. The 
offspring of compourd hybridization have segregation phenomenon in the first 
generaticn, however; therefore, aside from eliminating the inferior groupings, 
single plants must also be selected. 


Second Generation: Due to segregation of characteristics, the single plants 
within each grouping are very different. For the convenience of selection, 

a single seed should be planted in grain hole in separate groupings. One 
row each of the male and the female should be planted in front of each group, 
and for every 10-20 rows, one row of a locally popularized variety should 
also be planted for control. The second generation is an extremely important 
stage of breeding new varieties. For the purpose of increasing the oppor- 
tunity for selection, abovt 2,000 plants are generally sowed for each group; 
it is not suitable to have fewer plants. During the growth period, the 
plants should be carefully observed. Normally, among the second generation 
offspring, such relatively easily stabilized genetic characteristics as 
disease resistance, growth period, height of stalk and lodging resistance 
form the objects for selection. In the process of selection, good groups 
are selected first before selecting superior single plants in the selected 
groups. The selected single plants should be Labelled. The observation 
should be uccurate and the selection should be precise. There should be no 
mistakes among the selected and no mistakes among the discarded. When the 
plants are mature, each plant in each group should be harvested separately 
and threshed individually. Seeds are to be stored in paper bags, numbered, 
and preserved. 


The Third Generation: In numerical sequence, seeds selected from the second 
generation should be pianted in separate holes of individual seeds to form 
rows, 1-2 rows for the offsprings of a single plant. This row or rows form 
the progeny or breed !ine. One to two rows of a locally popularized variety 
should be planted in every 10-20 breed lines for control. In the field, the 
breed lines are judged first, before single plants in a breed line are 
selected for good phenotype. The selected single plants are numbered by 
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the plant and by the breed line. In the third generation, aside from con- 
tinued selection according to the characteristics specified for the second 
generation, attention should also be given to the yield characteristics. 


The Fourth Generat‘on: The seeds should be planted in individual holes in 
the sequence of the number of the single plant, the number of the progeny, 
and the number of the group, and controls should be planted at every given 
distance. Selection is carried out for the progeny group first, and superior 
breed lines are then selected among the superior progeny groups. Whether er 
not it is necessary to select the single plants depends upon the conditior 
of segregation of characteristics within a given breed line. If the charac- 
teristics have been uniformly stabilized, the inferior plants may be pulled 
out and plants of the rest of the breed line may be harvested and threshed 
in a mixture for yield identification in the following year. If segregation 
of characteristics persists, single plant selection will have to be con- 
tinued to form single plant rows in the following year until the characte: is- 
tics become uniform and stable. 


Mixed Single Plant Selection Method: 


With this method, the first few generations of hybrids are not selected to 
form rows. Seeds are harvested from each group. Selection may also be 
carried out according to certain favorable natural condition of a given 
year, however. For example, during a year of an epidemic of a certain 
disease or pest, or during a drought year, disease resistant or drought 
resistant plants may be selected. In selection, the mixed selection tech- 
nique is also adopted, that is, divide a group into several ecological sec- 
tions (generally according to the maturity stage, adversity resistance, and 
plant formation, the group is divided into sections). When the characteris- 
tics are basically stabilized in the fourth or fifth generation, single 
spike or single plant selection is carried out to form spike row(s) or plant 
row(s) in the following year. Of these rows, the superior and orderly mate- 
rials are then selected to form the new breed line for further yield compari- 
son and certification. This method is relatively simpler and easier, but it 
takes more years to complete. 


IV. Artificially Induced Mutation Breeding 


The major techniques of artificially induced mutation breeding are radiation 
induced mutation and mutation induced by chemical agents. 


1. Dosage and Method of Radiation Treatment 
Method: X-ray source, cobalt source (y ray), neutron source, etc. may be 
used to irradiate the seed, the pollen, or a plant organ. The most fre- 


quently used method is to use one of those radiation sources to irradiate 
the seed. The advantages of this technique are: 
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(1) A large quantity of seeds may thus be treated; 
(2) The work procedure is simple; 
(3) The treated seeds are easily transported and stor: 


(4) This technique may be used to treat seeds of sexual. 
offspring te increase the changes. 


Materials: Breeds of relatively good comprehensive characteristics but 
having a precise objective for reform, or a relativeiy good hybrid grouping 
should be selected for irradiation. Before irradiation, the seeds should 
be selected grain by erain, tested for sprouting, and measured tor moict ure 
content. Two to three treatment desages should be selected ‘or each breed. 


Each dosage ca reat 3-4 Liang [Chinese ounce] of whe is, o -5 Liang 
of cotton sees 

sage: The sensitivity to radiation varies a great ¢ with dilferent 
crops and differeu.. breeds. Within a given limit, as the dosage increases 
the rate of mutation increases, but the death rate of the plants increases 
ilso. Within a giver dosage, with the increase of the dosage rate, the 
mutation rate and the death rate will increase also. t these reasons, the 
dosage and the dosage rate selected should be sufficient to allow the plants 


to survive and to produce relatively great resuits in mutatior The common 
losages are given in the following table for reference 
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[Key to table on page 227] 


Il. type of crop 


l. wheat 
2. kaoliang 
3. corn 


4. paddy rice 
5. cotton 


6. soybean 
7. rape 
Il. form of treatment 
l. dry seed 
2. the plant 
3. pollen 


Ill. limit of common dosage (roentgen) 
l. ten-thousand 


IV. more frequently applied dosage limit (roentgen) 
l. ten-thousand 
2. ten-thousand, more or less 


V. dosage rate (roentgen/minute) 
1. Aside from meeting special demands, it may vary within a relatively 
large range, from several to one hundred roentgen/minute, but generally 
mot greater than 160 roentgen/minute. While the dosage rate to 
irradiate seeds may be greater, the dosage rate used to irradiate 
pollens and plants should be smaller. 


2. Properties and Treatment Densities of Several Major Chemical Mutation 
inducing Agents 
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[Key to table on page 228] 


I. Mutation inducing agent 
l. ethyl methylsulfonic acid ester (EMS) 


2. nitrite ethyl urea (NEH) 
3. ethylene imide (EL) 
4. Acetylether sulfate (AES) 
5. N-methyl-N'-nitrite-N nitrite guanidine (MING) 
il. Properties 

l. characteristi 6. about 
2. water solubility 7. melting point 
3. molecular weight 8. All ratios are soluble in water 
4. colorless Liquid 9. not soluble 
5. yellow-colored solid 10. soluble 

Ili. Commonly used density range 
Re OT 

2. Selective Breeding of Mutant Offspring . 


Current Mutants (First Generation): Seeds that have been irradiated or 
otherwise induced to mutate should be planted in singie grain holes or as 
sparse strips separated according to the different varieties, breeds (or 
groupings). All mutants of the current generation that appear to be 
damaged or abnormal belong to non-genetic morphological mutation; they 
should not be selected for preservation. The selected plants (spikes) 
should be individually harvested, threshed and numbered according to the 
dosage applied and the variety. 


Second Generation: Segregation of various characteristics will appear in 
the second generation which is the key generation of artificially induced 
mutation breeding. Single seeds should be planted in holes of plant (spike) 
rows, and a control row (usine seeds of the same variety or breed that has 
not been treated) should be planted at every given distance for careful 
observation and comparison. From these plants, single plants of superior 


mutated characteristics s! l4 be harvested and threshed separately. A few 
plants receiving a relati vy greater effect from radiation or other iaduc- 


tion should also be scelected for continued observation of their offspring. 


ird Generation: > its should be planted a: ogeny and superior 
ingle plants should be selected according to the target for seiection. 
Fourth Generation: ve characteristics have now becor basically stable. 
superior breed ii may now be selected for yield tification. If the 
segregation phenomenon remains, single plant selection may | mtinued. 
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Utilization of Interbreeding Superiority 


The first generation hybrid offspring produced by hybridization of two 
different varieties or breeds combine the heredity of both parents; their 
viability is improved. They often grow stronger than both parents, have 

stronger adversity resistance and obvious yield increase. This is what is 

commonly known as “heterosis [hybrid vigor]" in production. 


Heterosis is often expressed obviously in the first generation. From the 
second generation onward, due to genetic segregation, heterosis will be 
obviously reduced. Generally, only the first generation hybrids are used 
in production. After a superior hybridization grouping has been selected 
out, the seeds are prepared every year so that the yield increase effect 
of heterosis can be fully utilized. 


I. Hybrid Corn 
l. Blooming Habit, Inbred Lines, and Hybrid Seeds of Corn: 


(1) Blooming Habit of Corn: Corn is a monoecious and cross-pollinated 
crop. The natural hybridization rate is very high and may reach over 95 
percent. The male inflorescence grows on the tip of the plant and is 

called the tassel. The female inflorescence is the meat spike inflorescence, 
growing out of the leaf axil, and is called the female spike or the ear The 
ear has bracteal leaves on the outside. When the flower blooms, the style 
[silk] (i.e. the stigma) extends out of the bracteal leaf to receive po'lens. 
Generally, the male spike [tassel] is forwed 5-6 days earlier than the ear, 
and the blooming action of the tassels of a single plant may continue for 
5-8 days, with the second to the fifth day as the peak blooming stage. The 
blooming time of the tassel in corn is closely related to temperature and 
humidity conditions. Generally, the flowers are the most numerous when the 
temperature is 20-28°C and the relative humidity is 65-90 percent. When 

the temperature is higher than 30°C and the relative humidity is lower than 
60 percent, there are few blooms. During a day, the largest number of 
flowers bloom in the morning; there is an obvious reduction in the afternoon. 
The viability of pollen may generally be maintained for 5-6 hours and drops 
obviously after 8 hours; therefore, attention should be given to the polli- 
nation time and the weather conditions in the artificial pollination pro- 
cess. Normally, the silk of the ears appears on the second to the fifth 

day after the tassels have bloomed. After the silk appears out of the 
bracteal leaves, the silk has the ability to receive pollen in any position, 
and the ability may generally be maintained for 10-15 days, but viability 

is the highest within a week's time. Pollination should be performed 

within this period of time. After the silk has been pollinated and ferti- 
lized, it ceases to extend further and will gradually wither into a dark 
brown color. 


(2) Self-crossing Lines [Inbreds] of Corn: Corn is a naturally cross- 
pollinated crop. If the method of artificially covering with a bag is 
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The yield increase effect of compound hybrids is often not as obvious as 
that of single hybrid or that of double hybrids, but the heterosis is 
relatively more stable and the seeds thus prepared may be used for many 
years so that it will not be necessary to prepare seeds every year. 


Hybrid of A Variety and An Inbred Line (Top-crossed Breed): 


This is produced by hybridization of a superior variety and an inbred line 
(or single hybrid or double hybrid). The orderliness is poorer than that 
of the single hybrid, or double hybrid, or criple hybrid, but the seed 
propagation procedure is simple. 


2. Technique for Seed Propagation for Hybrid Corn 


(1) Establishing Isolation Areas: Corn is a cross-fertilization crop; 
therefore, in order to guarantee the purity of the superior breed, either 
in case of propagating an inbred line or in case of seei propagation, ft>~* 
process must be carried out in isolated areas in order to prevent free 
mixing. 


The Number of Isolated Areas: See following table. 


Number of Isolated Areas Required for Various ‘iypes 
of Hybrid Corn 
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Note: 

l. Propagation of inbred line for the malic is carried out in the seed 
propagation field; the detasselling procedure of the female must be 
timely and strictly accomplished. 

2. The methods of reducing the number of isciation areas are: In coopera- 
tion with other production units, identical hybridization groupings may 
be adopted to prepare seeds jointly; or with good storage conditions to 
guarantee the sprouting rate, seeds may be prepared in one year to be 
used for two years. 


Key: [See next page] 
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[Key to table on page 232] 
I. ype of isolated areas 
- area used for isolated propagation of the inbred line 
- field for seed propagation of single hybrid 
. field for seed propagation of either double hybrid or triple hybrid 
- total 
Il. Entirely in isolated areas 
1. double hybrid 
2. triple hybrid 
3. single hybrid 
[IIl. Propagation of male inbred line in field for seed propagation: 
1. double hybrid 
2. triple hybrid 
3. single hybrid 


a 
1 
2 
3 
4 


Area of Isolated Areas: The area required for the various isolation areas 
for a production unit to prepare hybrids is determined by the quantity of 
seed corn needed for the fields in the following year, the estimated yield 
per mou of the seed-beds for corn, the ratio of female rows, etc. The con- 
crete formula for computation is as follows: 


Area (mou) needed as isolated areas to prepare seeds of single 
hybrid or double hybrid 


A 
Bx CxDxeE 





Area (mou) needed as isolated areas to propagate an inbred line 


=eeooe--- | - 


BxDxE 


Where, A--estimated quantity of seeds of the given breed needed for the 
following year (planned planting area x amount of seeds to be 
pianted); 


B--estimated yield per mou of the isolated area(s) of the current 
year (the field for hybrid seed propagation is the sum of areas 


for female and male). 


C--ratio of total number of female rows in the seed preparation 
area(s) of the current year; 


D--percentage of qualified seeds capable of being used after 
selection from the harvest of the current year; 


E--safety coefficient (%) of the yield of the seed~-beds. 
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Generally speaking, given the condition of a yield of 300-400 catties/mou 
of female in the double hybrid seed preparation beds and a yield of 100-150 
catties/mou of seeds in the inbred line propagation beds, in order to pro- 
duce seeds to supply the needs of 10,000 mou of fields of a double hybrid 
breed, about 150-250 mou of double hybrid seed propagation beds and about 
12-18 mou of seed propagation beds for the two single hybrids, and about 
0.5-1 mou of propagation fields for the four inbred lines are required. 


In order to produce seeds to supply 10,000 mou of fields of a single hy- 
brid, about 400 mou of single hybrid seed propagation beds and about 10-15 
mou of propagation fields for two inbred lines are required. 


Method of Isolation: There are spatial isolation, barrier isolation, and 
temporal isolation. 


Spatial Isolation: Corn cannot be planted within 500 m of the area sur- 
rounding the propagation field of the inbred line(s); corn cannot be 
planted within 400 m of the single hybrid seed bed; corn cannot be planted 
within 350 m of the seed beds for double hybrid and inter-variety hybrid. 
In regions of frequent and strong winds, and especially in fields located 
downwind, the distance of isolation should be even greater. 


Barrier Isolation: Such natural conditions as forests, orchards, and 
mountains may be usei as barriers. In a mountainous region, it is a good 
method to use a mountain hollow as an isolated area, but the safety of 

the entrance and the hill area must be considered. In the plain region, 
if it should become necessary, such tall stalk crops as kaoliang and sun- 
flower may be planted all around the seed beds. For the inbred line 
propagation field, more than 100 rows of tall stalk crop plants should be 
planted in the surrounding area; for the hybrid seed propagation beds, 
there should be at least 50 rows. The barrier crops should be planted 
earlier than the corn, and the stalk should be 50 cm taller than the corn. 
On the border area of the seed beds, the number of rows of the male should 
be increased also. 


Temporal Isolation: In regions of relatively long growth period, the 
propagation field or the seed preparation field may be planted either 
earlier or later so that the blooming stage does not coincide with the 
blooming stage of corn planted in the large fields. In regions of summer 
planted corn, this method may often be used by planting the seed prepara- 
tion fields in the spring. The number of days safe as a temporal isolation 
may be calculated by the number of days it takes from planting to appearance 
of the tassel for the large field corn crop and for the parents of the seeds. 
Generally, there should be a difference of more than 30 days between the 
time of appearance of the tassel of the two. 
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(2) Careful Planting Technique: 


(a) The growth of the inbred line is relatively weaker; therefore, lands 
of higher fertility must be selected for the propagation field of the in- 
bred lines and for the seed preparation fields as well. The ground must 

be intensively prepared, more fertilizer should be applied, and the depth 
of planting should be controlled to guarantee complete and strong seedlings. 


(b) Adjustment of Planting Time to Guarantee Coincidence of Blooming 

Time: If the growth and development stage of the male and the female is 
very different, the planting time may be staggered to plant the late 
ripening ones earlier and the early ripening ones later it is best to 

have the style appearing time of the female 1-3 days earlier than the pollen 
scattering time of the male. The seed soaking technique may also be used 

to soak the seeds of the late ripening parent before pianting; this tech- 
nique can cause the growth and development stages te be about 3-4 days 
earlier than the seeds that have not been soaked before planting. 


(c) Planting Ratio of Rows of Male and Female in the Seed Preparation 
Fields: This is to be determined by the yield of pollen of the male. 
Given the condition of guaranteeing a sufficient supply of male pollen, 
the number of rows of the female should be increased as much as possible. 
Generally speaking, for seed preparation of the single hybrid, the ratio 
should be 2:1 (two rows of female to one row of male); for the double 
hybrid, the ratio of 4:2 is more frequently used; for breeds of male with 
lesser quantity of pollen, the ratios of 1:1 or 2:2 may also be adopted. 
During the planting time, the work should be organized weil to divide the 
labor precisely so as to prevent mix up of seeds, parallel rows, or mixed 
rows. Correct planting also makes it more conventent for detasselling 
and harvesting. On both ends of the male cows, a few plants of sunflower 
or beans should be planted to serve as markers; some bean plants should 
also be planted in between rows every few rows for marking purposes. In 
order to guarantee a sufficient supply of pollen, a few additional rows of 
male may be planted on the lee side of the field on the borders. 


(d) After sprouting, the seedlings should be timely inspected and the 
missing areas repianted. The male rows may be replanted with male seeds; 
the missing seedlings of female rows should best be replanted using the 
transplanting technique. 


(3) Strict Elimination of the Mixed and the Iinfertio In either the tn- 
bred line propagation field or the hybrid seed propagation fields, the 
mixed and the inferior plants should be strictly eliminated throughout the 
entire period of growth and development. This process is to guarantee the 
purity of the inbred Lin | the quality of the seeds prepared This is 
a key measure tor guaranteeing heterosis. The masses must be made to 
understand the significance of the process, and to be tamiliar with the 
characteristix and properties of the inbred line so a 0 le to pull 
out all atypical plants. The habit of retaining “large seedlings and big 
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plants” in the inbred ~int must not be allowed. Genera'ly the process 

of eliminating the mixed and the inferior must be carried out three times: 
Once before the seedlings are thinned, mainly pull-out atypical and tall 
mixed seedlings of the various inbred lines by judging the color of the 
leaf-blades and the leaf-sheath, and the width and the curves oi the leaves. 
The second time is around the noding and tassel appearance time, when all 
the typical characteristics have appeared. Especially such aspects as 
height of stalk, leaf width, angle of extension of the leaf blade, should 
make distinction very easy. This is the best time to pull out the mixed 
plants so as to guarantee the purity of the field before the pollen 
scattering time. The third time is after the harvest and before threshing 
mainly to eliminate mixed ears according to the shape of the ear, the color 
of the cob and the color of the grain. Wrong colored grains on a typical 
ear should also be eliminated. 


(4) Prevention of Differences in Blooming Times and Rescue Measures: 


After planting, the changing condition of the seedlings must be revulorly 
watched. Based upon the manner of growth and the number of leaves, the 
blooming time of both parents should be judged and foretold so as to take 
timely measures to cause the blooming time of the male and the female to 
coincide. Generally, if the female has 1-2 leaves more than the male, the 
blooming time will coincide. 


Prevention and Rescue Measures: 


(a) If it is discovered during the seedling stage that the blooming time 
may not coincide, smali seedlings of the faster growing parent and large 
seedlings of the slower growing parent should be retained during the 
thinning of the seedlings. 


(b) During the noding stage, more fertilizer and water should be applied 
to the slower growing parent and its management should be emphasized to 
promote its growth and development; the fast growing parent shouid be 
suitably controlled, and if necessary, the measure of cutting off a por- 
tion of the root system may be adopted to delay growth. 


(c) Cutting the bracteal leaf: If the male has begun to scatter pollen 
but the female does not yet have styles [silk], as soon as possible the 
female should be detasselled, and under the condition of not damaging the 
ears, 3-5 cm of the tip of the bracteal leaf of the ear should be cut off. 
This measure will generally cause the female to develop styles 2-4 days 
earlier. 


(d) Cutting Styles: If the female develops styles too early and the 
styles extend too long while tne male has just begun to scatter pollen, 
styles of the female may be trimmed to about 2-3 cm in length to facili- 
tate pollination and ‘ruitation. 
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(e) Hand Pollination: The pollen of the male planted in the border 
areas of the seed bed may be used for artificially assisted pollination 
if the blooming time does not coincide. The areas where pollen are to 
be collected are generally planted 7-10 days later than the seed beds. 


(f) Timely Detasselling of the Female: The key measure for improving 

the quality of the hybrid seeds is to detassel the female timely and 
thoroughly. The field should be carefully inspected just before the 
tassels appear. When the tassel of the male has appeared about 1/3-1/2 
out of the leaves, it is the suitable time for detasselling, which should 
be early and should never be too late. Detasselling is carried out in the 
morning when the dew has just dried. It must be carried out to the extent 
that not a single branch is left undone. The tip leaves must not be re- 
moved, but no tassels should be missed; and there should be no mistake 
about which rows to be detasselled. The detasselling work should be per- 
formed everyday and should not be delayed by either the wind or the rain 
until the detasselling work of entire field is completed. The tassels 
thus pulled out should be removed from the areas to prevent the pollen 
from scattering. 





(g) Artificially Assisted Pollination: Artificial assistance of pollina- 
tion can improve the fruitation rate and reduce empty ears. It should be 
performed in the morning of a clear day when the dew has just dried. The 
commonly used technique is to hit the male plants shaking off the pollen 
which will be blown by the wind for natural pollination. 


(h) Separate Harvest to Preserve Purity: This is the final step in the 
seed propagation work of hybrid corn. For the inbred line propagation 
field, mixed plants and inferior ears should be eliminated from the field 
and the yard. The seed propagation field must be harvested, sunned, 
threshed, bagged, and stored separately for the male plants and the female 
plants. The female should be harvested first; the male should be harvested 
after the female ears have been completely harvested. The masses must be 
warned so that every worker is careful in every work process to prevent a 
mix-up. 


3. Technique for Purification and Revitalization of Inbred Lines of Corn 


Inbred lines of corn ere the foundation of hybridization. It is extremely 
important to preserve and improve the purity of the inbred lines of corn 
for popularization and for seed propagation. Aside from seriously elimi- 
nating the mixed and the inferior in the inbred lines propagation field, 
their purification and revitalization should also be carried out to estab- 
lish, step by step, a basis for propagating pure breeds of inbred Lines. 


(1) Isolated Spike Row Purification Method: 


(a) Two-Stage Purification Method: In the first year, 100 typical ears 
should be selected for covering with bags causing seif-crossing in the 
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inbred line propagation area. After harvest, 20-50 ears of typical 
superiority are further selected. In the second year, the selected ears 
are planted in a separate row are for each individual ear in an isolated 
plot. During the seedling stage, the mixed ones are strictly eliminated. 
Before the appearance of the male, the atypical ear rows and the mixed 
and the inferior of the typical rows are entirely detasselled to be har- 
vested in the future as commercial grain. The remaining typical plants 
that have not been detasselled are allowed to pollinate freely; after 
harvest there should be strict selection by ears before shelied as a mix- 
ture to be used in the propagation field ix the following year. 


(b) Three-Stage Purification Method: For severely mixed-v> self-crossing 
lines, the bag-covering technique may be continued for two »«.r4. That is 
to say during the second year, in the retained typical ear rows, 20-30 ears 
on typical plants are further selected to be covered with bags for self- 
crossing. After harvest, the mixed and inferior are again eliminated. “ 
the third year, the selected and retained ears are threshed in a mixture, 
or they may be planted in individual ear rows in an isolated area. lL:ring 
the growth and developmental period, the mixed ones are further eliminated 
to retain the pure. The retained ones are then shelled as a mixture to 
supply the self-crossing line propagation field. 





(2) Semi-separate Purification Method: (See III. Techniques of Purifica- 
tion and Revitalization of Breeds of Corn in the previous chapter.) 


(3) Single Spike Line Propagation Method: (See Fig 5-13). 
4. Selective Breeding Technique For Hybrid Corn 
(1) Selective Breeding Technique for Inbred Lines: 


Source of Materials: A superior single plant of the various superior 
breeds of corn, hybrid breeds, and their offsprings may all be used as the 
basic material for breeding an inbred line, but attention must be given to 
the adaptability of the basic material to the local climate and cultivation 
conditions, its high yield property, its ability to resist diseases, pests, 
and natural calamities, the quality of its grain and the quantity of its 
pollen yield. Only good basic materials can be selected to form a superior 
inbred line. If hybrids of inbred lines of rich genetic characteristics 
are used as the basic material to select a superior inbred line, there are 
more opportunities for obtaining a more superior line with little segrega- 
tion and fewer years of selective process than selecting from ordinary 
breeds. This type of inbred line selectively bred out is called a “two- 
cycle system." When a local breed is used as the basic material, an inbred 
line of broad adaptability, good properties, and high adversity resistance 
may be selected out also. The inbred line selected from breeds of the 

dent type is generally of high yield and better quality. 
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holes planted with a single kernel per hole; strictly eliminate the 
mixed and the inferior before the appearance of the male flower, 
and allow typical plants to pollinate freely). 

2. Select 5-10 typical plants before the appearance of the male 
flowers for covering with bags; when mature, one typical ear is 
again selected for single ear propagation of the original breed 

3. When mature, 50-100 typical ears are selected 

4. Isolate the ear-row propagation plot (Plant single-ear rows, 
eliminate the mixed rows before scattering of pollen and detassel 
to allow the typical ear to be pollinated freely) 

5. Mixed shelling of typical ears 

6. Popularize propagation or preparation of seeds 





It. The Third Year: 

l. The one-ear original breed propagation plot (50-100 holes are 
planted with one kernel per hole; before the appearance of the male 
fiower, the mixed and the inferior are strictly eliminated and the 
typical plants are allowed to pollinate freely.) 

2. Same as the previous year; the most typical ear is alone selected. 

3}. Same as the previous year 

4. Isolate the ear row propagation plot (the management should be same 
as that of the previous year) 


lV. The Fourth Year 
l. One-ear original breed propagation plot (same as the previous year) 


Note 1: Both the ‘one-ear original breed propagation plot’ and the ‘isolated 
ear-row propagation plot’ should be isolated, and at the time of the 
appearance of the male flowers, the mixed and the inferior should be 
strictly detasselled and they should be harvested as food. 
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Note 2: If, due to many generations of continuous self-crossing, the 
phenomenon of serious degeneration of vitality appears, typical 
plants may be selected from the ‘one-ear original breed propaga- 
tion plot’ for hybridization between sisters (hybridization through 
paired covering with bags artificially, or the plants may be polli- 
nated together in a mix.) 


Fig 5-13 Diagram Demonstrating the Technique of 
One~-ear Propagation of an Inbred Line of Corn 


Technique of Covering With Bags for Self-crossing in Corn: Small bags 

mae of wrapping paper or sulfate paper (generally measuring 10 x 20 cm) 
fur covering the ears and large bags (generally measuring 20 x 30 cm) for 
covering the tassels should be prepared ahead of time. It is best that the 
bag be double-layered and have alternate openings to prevent breaking. 
When, on the selected plants, the bracteal leaves of the ears have appesred 
but not the styles [silk], small bags should be used to cover and a pin 
should be used to stabilize the bag onto the bracteal leaf. When the style 
has reached the length of about 1 ts‘un [Chinese inch], pollination should 
be carried out. In the afternoon, a large bag should be used to cover the 
tassel. A pin should be used to fasten the lower opening of the bag very 
tightly to prevent pollen from leaking out. In the morning of the follow- 
ing day, just after the dew has dried, the tassel should be bent over and 
the paper bag lightly pa ted causing the pollen to fall off and be collected 
in a corner of the bag. This corner should be folded before the bag is 
taken off, and the opening of the bag very tightly closed to prevent con- 
tamination by pollen from other plants. After the hands [of the workers) 
are rubbed with a 80 percent alcohol solution, the technique of exchanging 
bags, i.e. as the small bag is taken off the ear the large bag holding the 
pollen is placed on, should be carried out, and the corner of the large 

bag with the pollen in it should be lifted causing the pollen to fall onto 
the style (if the style has grown too long, it may be trimmed with a pair 
of scissors that have been rubbed with alcohol before the pollination pro- 
cess.) After pollination, the original small bag is again used to cover 
the ear tightly, and a pin is used to fasten it. The position of the paper 
bag should not be too low to prevent it from being broken by the fruit 
spoke as it grows. In the entire pollination process, the work must be 
carried out with quick and accurate motions. As much as possible, the time 
during which the style is exposed outside of the bag should be shortened, 
and the pollen and the style must not be touched by hands so as to prevent 
mix-up. After pollination, a card should be immediately hung up to mari 
the breed and the date of self-pollination, and a number given. Afterwards, 
the small paper bag should be regularly inspected and care should be taken 
to prevent the bag from being damaged until the style withers. The bag can 
then be taken off. The large bag which has been used to cover the tassel 
should be folded flat after pollination; the bag cannot be used again until 
three days have passed so as to prevent any residual pollen from creating a 
mix-up. 
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Method of Selective Breeding: In the first year, a single plant of 
superiority should be selected for self-crossing in the inbred line selec- 
tion plot containing various types of materials. About 20-30 ears of each 
type of material should be used for self-crossing with the exact number 

of ears determined by the orderliness of the material and given the condi- 
tion of labor and land availability. In the second year, the selected in- 
bred ears are planted in rows, one ear per row in a ear-row plot to form 
the first generation self-cross. The plants of this first generation will 
show obviously reduced vitality. The poor and abnormally shaped ear rows 
should be eliminated. Of the remaining, 5-10 plants shou!d be selected 
for bag covering and self-crossing. When they are mature, 2-5 ear in every 
row are selected for retention; and they should be numbered and preserved. 
In the third year, each ear is planted in one row to form the second genera- 
tion self-cross. Segregation of the second generation is relatively 
obvious. Each ear-row should be carefully observed to eliminate the in- 
ferior and retain the superior. The rows and ears should be purposefully 
selected for self-crossing. The superior ear-rows should be selected 
first, then in a superior ear-row, 5-10 plants should be selected for -elf- 
crossing to select and retain 2-5 ears. The self-crossing and select > 
processes should be continued to the fourth, fifth generation, with be 
inferior continuously eliminated and the superior continuously reta/ »e: 
until the inbred offspring become stable in characteristics and have « 2 
uniform orderliness of a new inbred line. The various lines startin, rom 
the self-cross first generation to the various generations of segregated 
offspring are all called sister lines. The dispensation of the sister 
lines depends upon the degree of segregation. The morphologically very 
different and having various different characteristics may be retained for 
separate self-crossing. in the process of self-crossing selective breed- 
ing, there should be serious observation and comparison so as to perform a 
good job of inter-line elimination and plant selection within a line. The 
finally obtained inbred materials should be few but superior. 


(2) Determination of Mating Capacity: The potential production ability 

of an inbred line is called “mating capacity” (it is also called affinity). 
Affinity can be determined only by the yield of its hybrids. When the 
yield of its hybrid is high, it has a high affinity. For the purpose of 
determining affinity, test hybridization may be carried out. If an inbred 
line is hybridized with many inbred lines (or varieties or hybrids) and the 
yield of all the hybrids is high, the indication is that this inbred line 
has a relatively high “general affinity." It may then be selectively re- 
tained as the parent for further hybrid grouping. After the general 
affinity is determined, tests should be immediately carried out to deter- 
mine the “specific affinity.” If the hybrid of an inbred line, which is 
being tested, and another inbred line is found to produce a particularly 
high vield, the test result indicates that the two inbred lines have a very 
high “specific affinity,” and they may be used to form a hybrid grouping, 
to be tested or certified in production. For the purpose of reducing the 
work of selective breeding, inbred lines of low affinity should be discarded 
early. tn order to reduce the number of years in the breeding procedure, 
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early test hybridization may be carried out for self-cross second genera- 
tion or third generation. One or two local representative inbred lines or 
varieties may be used to determine the general affinity, and on the basis 
of the test result, more broad tests may be carried out for the later 
generations of this material to determine the specific affinity of that 
inbred line. 


Test Hybridization Method: Generally one (or several) superior breed (or 
self-cross single hybrid) is used as the male (called the testing breed) 

in proceeding with hybridization with several inbred lines to be tested; 
the inbred line being tested is used as the female. If a large number 

of inbred lines are to be tested, on. male and many female breeds may be 
planted in the same isolated area. The females are to be detasselled and 
left for free pollination. If the number of females to be tested are few, 
the bag covering technique may be adopted for pollination. In the second 
year the yield of the various hybrids is compared to determine the affi. ty 
In the process of determining the general affinity, in order to obtain rela- 
tively accurate results, two items should be emphasized in select 'ng che 
male for testing: one is the importance of selecting an intermediate 

type material as far as the kernel shape is concerned; the second is the 
fact that an inbred line or a single hybrid is better for this purpose, 
and if a simple variety is used, it should be relatively pure. 


(3) Principle of Selective Mating of Parents in Hybridization Grouping: 
(a) The aftinity of two inbred lines should both be relatively high; 
(b) The genetic relationship of the two should be distant; 


(c) The kernels should be of different types (une is dent type, the other 
is flint type); 


(d) Both should be adaptable to the local natural and cultivation condi- 
tions, have manv superior characteristics, few shortcomings, and are 
capable of mutually complementing the shortcomings. 


(e) The growth and developmental stage: should be close; especially their 
blooming time should coincide. It is the best that the female blooming 
time be slightly earlier to reduce the difficulty of seed preparation and 
to utilize pollination fully. 


(f) The pollen yield of the male should be high; the yield of the female 
inbred line should b high so as to increase the yield from the seed 
preparation bcis. 


In mating double hybrids, attention should also be given to the development 
of the greatest heterosis in the double-hybridization grouping. Generally, 
among four inbred lines, two of them with relatively less difference in 

geography, genetics, and kernel-shape should be mated first to produce two 
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single hybrids, then the two single hybrids of relatively greater dit- 
ferences may be mated again to form the double hybrid. In preparing a 
single hybrid, inbred lines of a relatively high yield should be selected 
so as to require a smaller area for seed propagation in order to reduce 
the cost of seeds. 


Il. Male Sterile Lines, Sterile-free Line, and Restorer Lines, and 
Their Utilization as « Set 


l. Sterile Line, Sterile-free Line, and Restorer Line: 


(1) Sterile Line: That is a male sterile line. Its special characteris- 
tic is the abnorma! development of its tassels--the anther is thin and 
small, does st break open, has no pollen, or has dry and defective pollens 
which have no fertilization ability; but its pistil has normal development, 
and when it is fertilized with normal pollen from an external source, it 
can develop fruits normally. This male sterility can be genetically passed 
mm to its offspring. When this type of male sterility is utilized in pro- 
duction to serve as the female of hybrid seed preparation, the complicated 
detasselling work may be avoided, and heterosis may thus be utilized in 
self-pollinated crops as well. 


(2) Sterile-Free Line: Male plants used specially for propagating off- 
spring of the sterile line which will preserve its male sterile charac- 
teristic are called the sterile-free line. Aside from its characteristic 
of having normal pollen, all its other characteristics are identical with 
its corresponding sterile sys‘em. 


(3) Restorer Line: This is the male sterility restorer line. Aside from 
the fact that it can self-pollinate to form fruit, if its pollen is used 

to pollinate the sterile line, the hybrid offspring can recover the ability 
of producing normal pollen. The restorer line restores the self-pollinating 
ability; therefore, it is called the restorer line. In the heterosis uti- 
lization process, the restorer line is mostly used as the male to hybridize 
with the sterile line. 


The relationship of the coordinated set of the three lines of the sterile 
line, the sterile-free line, and the restorer line in the process of pre- 
paring hybrid seeds is demonstrated in Fig. 5-14. 


2. The Use of Male Sterile Line in Preparing Seeds Hybrid Corn 

In hybridization of corn, the use of a male sterile Line may save the Labor 
of detasselling to reduce the cost of seed preparation; at the same time, 
the purity of che seeds is improved by guaranteeing the quality of the 
hybrid seeds. Based upon the condition of the coordinated set which con- 
tains the sterile line and the rest er line, there are several methods of 


preparing the seeds: 
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Fig. 5-14 Relationship Among the Sterile Line, The 
Sterile-free Line, and the Restorer Line 


Key: 

l. sterile-free line (male) 

2. self-crossing to maintain the seeds 

3. sterile line (female) 

4. hybrid seeds (to be supplied for production use) 
5. hybridize 

6. restorer line (male) 


(1) The sterile line may be used for single-hybrid corn: 


Method of Preparing a Hybrid Grouping With a Set Containing A Sterile 
Line and A Restorer Line: In a single hybrid grouping, the female is the 
sterile line and the male is the restorer line. The female and the male 
need only be planted in an isolated plot like an ordinary seed bed in 
alternating rows of a given ratio. There is no need for detasselling (but 
attention must be given to the elimination of mixed plants in the female 
rows.) The hybrid seeds harvested from the plants of the sterile line can 
scatter pollen normally for fruitation. The male rows of the hybrid seed 
preparation bed may be used for propagation of the restorer line for future 
use, but the female must have a separate isolated plot for propagation as 
the sterile line to be planted in alternate rows with the sterile-free 
line to produce seeds for future use. 


Method of Preparing Hybrid Grouping With the Sterile Line Only Without the 
Restorer Line: If the female of a single hybrid grouping is a sterile line, 
but the male is not a restorer line, a mixing technique may be adopted to 
guarantee sufficient pollen in the field of the hybrid offspring in the 
following year for normal fruitation. The method is to plant the inbred 
line of the sterile female in half of the area of the isolated seed propaga- 
tion plot which is used to prepare the sterile single hybrid, while in the 
other half of the area (no less than 1/3 of the plot) a normal inbred line 
of the same type should be planted (it should be the same inbred line as 
the sterile female but it has the ability of scattering pollen; it is the 
same as the sterile-free line of the sterile line). A strict detasselling 
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process should be carried out to prepare for a single hybrid with the 
ability of scattering pollen. After harvest, the two types of single 
crossing seeds should be mixed evenly for planting in the following year. 
In this manner, the work of detasselling may be cut short 1/2 to 2/3. In 
order to save the labor of mixing the seeds, a technique of mixing them 
in the field, as demonstrated in Fig 5-13, may be adopted. 


$ ¢@ T T TFT T $ 3 g @ 2 ¢ 

$ 4 T T OF s+ 2 : 6s g 2 

$s $TTTT ¢e2 2 t 3 

4 8 rT T T TFT $ 2 e §& zt ? 

$$ T4TtTtT1. 2 8 38 & 2.2 3 

_~ ee ° —~— em ” a 
1.2KeAaeE 2 -MBKATE TunvekK SAaanqve TRACE 


Fig 5-15 Using a Sterile Line for Preparing Seeds With 
Field Mixing (Mix-in One Third) 
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l. tale inbred line 

2. Sterile female inbred line (no need of detassel ling) 
3. Female inbred line (detasselling as usual). 
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of fruitation. 


Fig 5-16 A Design of Using Male Sterility for 
Preparing Seeds of Double Hybrid of Con 


(2) Preparing A Double Hybrid of Corn Using A Male Sterile Line: 


The basic theory and the method of utilization are the same as preparing 
for a single hybrid. Based upon the quantity of the sterile line and the 
availability of a restorer line, there are generally four different methods 
as demonstrated in Fig 5-16. 
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The First Type: In the double hybrid grouping there is no restorer line, 
while the male sterile line is used in the first inbred line. All the 
double hybrid seeds prepared according to this grouping will be sterile; 
therefore, if this type of grouping is adopted, the mixing-in technigue 

is also adopted; i.e. when the single hybrid female is prepared, there 
should be an inbred line of ordinary female capable of producing normal 
pollen (i.e. the first inbred line) planted in a plot of 1/3 to 1/2 of the 
total size of the seedbed, to propagate a single hybrid female capable of 
fruitation to be harvested for separate storage. In the following year, 
it is planted in separate rows with the sterile single hybrid female 
according to the mixing-in technique. After the autumn, the two types of 
female are harvested as a mixture. In this manner, in the field of double 
hybrid in the following year, there will be 1/3 to 1/2 of the plants cap- 
able of scattering pollen to satisfy the pollen needs for the entire field. 
In the process of seed preparation, with this technique, nearly 2/3 of the 
work of detasselling may be saved, however. 


The Second Type: In the four inbred lines, there is one sterile ‘ine 
(the first inbred line.) Either the third or the fourth inbred line is 

a restorer line. In this manner, in the double hybrid seeds produced 

50 percent will be plants capable of scattering pollen, and there wili be 
no need for using the mixing-in technique. When the male single hybrid 
is prepared, there is the need of detasselling by man, however (the area 
will amount to 0.03 percent of the large field of double hybrid; the work 
is, therefore, negligible). 


The Third Type: There is one sterile line, but the males of both single 
hybrids are restorer lines. The double hybrid seeds thus produced will 
cause all the plants in the field to be capable of scattering pollen. 
Detasselling is necessary only when the male single hybrids are being pre- 
pared. 


The Fourth Type: In the four inbred lines, there are two sterile lines 

and one restorer line. This is a more ideal design. Detasseliing is never 
needed during the entire process of seed propagation, and the double hybrid 
thus prepared will have 25-75 percent of the plants capable of scattering 
pollen, depending upon the restoring capacity of the restorer line. If the 
ratio of fertile plants in the double hybrid grouping is relatively low, 
artificially assisted pollination technique should be adopted. This is 
called supplementing. 


Ill. Hybrid Kacliang 
1. Blooming Habit of Kaoliang 


(1) Floral Structure: Kaoliang has conical inflorescence. On the main 
axis, there grows a ring of three levels of hard panicles. On the third 
level, there are a pair of spikelets. Each pair of spikelets contains a 
spikelet with panicle and another spikelet without panicle. The spikelet 
with panicle does not have a complete floral structure and cannot fruitate. 
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In the bracts of the spikelet without panicle, there is a complete flower 
and another degenerated flower. In the complete flower, there are three 
stamens and one pistil having two styles. 


(2) Blooming Habit: Kaoliang is a crop of frequent cross pollination. 
Generally, in 3-5 days after heading, blooming begins. Most of the flowers 
bloom just before or after mid-night. When the flowers are in bloom the 
female and the male flowers extend out of the bracts almost simultaneously, 
and pollination is accomplished outside of the bracts. The blooming time 
lasts relatively long. Each flower remains open for about 1-3 hours. For 
this reason, the opportunity for cross pollination is relatively high. For 
ordinary kaoliang, the rate of natural hybridization is about 3-5 percent, 
some may be as high as 30-50 percent. 
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Fig 5-17 Spikelets and Flower of Kaoliang 
2. Technique of Seed Propagation for Hybrid Kaoliang 


(1) Isolated plots should be selected for seed propagation. Due to the 
fact that kaoliang is often a cross-pollinated crop, in order to guarantee 
the quality of the seeds prepared, isolated plots should be established. 
To prepare hybrid seeds of kaoliang, there should be two isolated plots: 
one for propagating the sterile progeny (progating the sterile line and 
the sterile-free line). There should be a spatial isolation of more than 
500 m. The other is the seed bed for the hybrid. There should be a spa- 
tial isolation of more than 400 m. The techniques of temporal isolation 
and barrier isolation may also be adopted. These techniques are basically 
the same as those techniques used in seed preparation for hybrid corn (see 
previous description). 


(2) Careful Leveling of the Land and Timely Planting of Seeds: The sterile 
line and sterile-free line of the hybrid kaoliang currently being extended 
have short coleoptile and are therefore weak in their ability to push up 

out of the soil. For this reason, land preparation must be intensive to 
improve the planting quality. The depth of planting must be controlled to 
guarantee emergence of all seedlings. 


247 





(3) Ratio of Male anu Female Rows and Density of Seedlings Retained: 

The general principle is to guarantee good ventilation and light penetra- 
tion and to satisfy pollen supply. As much as possible, the female rows 
should be increased to raise the yield of seeds prepared. Generally, in 
the propagation field, the ratio between the rows of the sterile line and 
rows of sterile-free line is better if it is 2:2 or 4:2. Some bean type 
plants should be planted in the rows of the sterile-free system for 
identification. In the seedbed, a male with tall stalks is good for 
scattering pollen, but the field may be easily shaded to affect the develop- 
ment of the female; if such is the case, rows of female may be suitably in- 
creased to either 6:4 or 8:4. A short-stalked male is not favorable for 
pollination, and the ratio should be 4:4 or 4:2. Meanwhile, the seedlings 
should not be so dense that the female plants will not have a health growth 
nor full blooms. This is to reduce degenerated inflorescences. 


(4) Major Techniques of Adjusting the Blooming Time: 


(a) Adjusting the Planting Time: The growth and developmental stages of 
the female and the male should be mastered. The blooming time of the 
female should be 2-3 days earlier than that of the male plants. In order 
to increase the opportunity of the female to receive pollen, the male may 
also be planted in two stages. 


(b) Forecasting the Blooming Time: The blooming time may be fairly 
accurately forecasted based on the number of leaves that have opened on 
the plants or by examining the yet undeveloped leaves and spike to see at 
what stage of evolvement they are. 


(c) Rescue Measures If the Blooming Time Does not Coincide: During the 
seedling stage, large seedlings should be retained if the growth is slow. 
Interrow cultivation and seedling thinning should be carried out earlier. 
If the growth is fast, small seedlings should be retained. The seedlings 
should be thinned late and the interrow cultivation process should be 
delayed. During the noding stage, fertilizer and management should be 
applied to those of slow growth. The root system may be cut back or other 
growth controlling measures may be applied to those of fast growth. Fur- 
thermore, during the planting time, several rows of the male should be 
planted along the edge of the field (the best area is on the lee side of 
the field) in several stages to form 4 pollen collection area to be ready 
for assisted pollination when necessary. 


(5) Elimination of the Mixed and the Inferior to Guarantee Purity: 

The processes of eliminating the mixed and the inferior must be carried 
out repeatedly during the seedling stage, after noding, and in the heading 
stage. All mixed stalks that are either growing too vigorously or have 
atypical characteristics, and all mixed plants in the female rows that have 
been discovered to be capable of scattering pollen, should be pulled out. 
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This process of elimination must be strictly carried out for both the 
male and the female plants. 


(6) Hand Pollination Must be Performed Well: During the blooming time, 
in the morning after the dew has dried, the male plants may be shaken or 
lightly patted by hand. This procedure is generally continued until the 
blooming time of the male has concluded. Artificially assisted pollina- 
tion may improve the rate of fruitation. 


(7) Separate Harvest to Preserve Purity: After the -lants have ripened, 
based upon the shape of the plant, the shape of the spike, and the color 
of the kernels, the mixed one should be eliminated through spike by spike 
selection before harvesting to prevent intermingling. Generally speaking 
the female should be harvested first. When the female has been completely 
harvested and transported out of the field, the harvest of the male may 
begin. During all the work processes of harvest, transporting, threshing, 
selection, and storage, the different breeds and the "three Lines" should 
be strictly kept apart to prevent intermingling. 


3. Purification and Revitalization of the Restorer Line and the Sterile 
Line: 


‘l) Purification of the Restorer Line: 


Method of Block Selection to Eliminate the Mixed: A seedbed with orderly 
growth condition is first selected, Before the plants of the restorer 
line bloom, the mixed and the inferior in the selected seed bed are 
eliminated. This method is suitable for fields with the minor problem o! 
mixing in the restorer line. 


Bag Covering Purification Method: If the restorer line is seriously 
mixed, the following method is often used. Before blooming, 100-300 typi- 
cal plants are selected in the rows of the restorer line in the seedbeds 
to be covered with bags. The bags are to be taken off after the kernels 
have formed to prevent the kernels from molding, but the plants should be 
labelled. After maturing, there should be another selection among the 
spikes before these spikes are harvested for bulk selection, and isolated 
propagation. 


Method of Selecting Seeds Through Tests and Experiments: If the conditior 
of mixture in the restorer line is extremely severe, iia method may be 
adopted for purification. In the first year, before blooming, a given 
number of typical plants of the restorer line and the sterile line are 
selected for covering with bags and single spike paired pollination. These 
spikes should be Labelled and numbered. After they are mature, they should 
be harvested separately and preserved. In the second year, these spikes 
are planted in pairs to form spike-rows. During the growth stages, they 
are observed for their phenotypes. The spike-row that has uniform growth 
and typical characteristics of the original hybrid is selected and the 
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restorer line of that row should be covered with bags for extended propa- 
gation in the following year. If all the spike-rows have disorderly growth, 
then the restorer line of the relatively purer spike-rows should be 
selected for continuous selective test hybridization until pure ones have 
been obtained. 


(2) Purification of the Sterile Line and the Sterile-frec Line: 


The method of purification is basically the same as that of the restorer 
line, but when the method of covering with bags is applied, single spikes 
of typical male and femaie should be covered with separate bags. After 
blooming, the pollen of the sterile-free line should be artificially 
scattered onto the single spikes of the sterile line that have been covered 
with individual bags in order to obtain pure seeds of the sterile line. 
This technique should be followed for all the other procedures. 


4. Selective Breeding of Hybrid Kaoliang: 
(1) Selective Breeding Method of New Groupings of Hybrid Kaoliang: 


The process of selective breeding of a new hybrid kaoliang may be divided 
into the three steps of test hybridization, certification of breed charac- 
teristics and affinity, and certification of yield. 


Test Hybridization: This is for the purpose of determining the condition 
of recovery of fruiting ability and the degree of affinity of the first 
generation hybrid when a given variety (line) is hybridized with a sterile 
line. The method of single spike paired test hybridization is often used 

if the male is not very pure, or if the hybrid offspring have not yet 
stabilized their characteristics. With this method, pollen of a single 
male spike are scattered onto a single female of the sterile line. Generally 
10-15 pairs are thus pollinated to be harvested, labelled, numbered, anc 
recorded in pairs. If the male has orderly characteristics, the mixed pol- 
lination test hybridization method is mostly adopted. That is to say, the 
plants are separated into groupings for isolated but free and mixed pollina- 
tion, or each grouping may be covered with bags for mixed pollination within 
the grouping. 


identification of Characteristics of Breed: Test hybrid seeds of different 
groupings harvested in the previous year should be planted separately so as 
to observe the breed characteristics of the first generation hybrid (i.e. 
the inbred fruitation rate). Observations may be carried out in the two 
Stages of blooming and maturation. During the blooming stage, the quality 
of the anther and the condition of pollen scattering should be observed 
and 5-10 spikes should be covered with bags. During the maturation period 
the inbred fruitation rate should be examined. Plants of 0-0.1 percent in- 
bred fruitation rate are the complete sterile type; plants of lower than 

30 percent are the partially sterile type; plants of 30-85 percent are of 
the slightly partially sterile type. Plants of an inbred fruitation rate 
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greater than 85 percent belong to the completely fertile type, and their 
male may be used as the restorer line. While the breed characteristic is 
being identified, the grain test weight (weight of 1000 grains) and the 
weight of seeds of a single spike should also be observed to determine the 
productivity of a single plant. 


Certification of Yield: On the basis of the breed characteristic and the 
productivity of a single stalk, superior groupings are selected using the 
breeds being extended locally as the control, the various breeds are com- 
pared for identification of yield. This test should be carried out in many 
spots. 


Principle of Selective Mating of Parent Pairs: 


(a) The parent pair should have good high yield property, strong affinity, 
and distance in geographical and genetic relationships; 


(b) The restorer line should have strong restoring ability (the male) in 
order to improve the fruitation ability of the hybrid seeds; 


(c) Parent pairs of early maturity and identical blooming time as well as 
the capability of being planted at the same time should be selected; 


(d) The short stalk type with the male stalk slightly higher than that of 
the sterile line should be selected to facilitate pollination in the seed 
propagation beds. 


(2) Selective Breeding of Sterile Line and Sterile-free Line of Hybrid 
Kaoliang: The currently used major method of selective breeding of a new 
sterile line is converting currently available sterile lines. Two tech- 
niques are commonly used: the continuous back crossing conversion technique, 
and the hybridizing for stabilization while back crossing conversion tech- 
nique. 


Continuous Back Crossing Conversion Breeding Technique: The procedure is 
basically the same as the back crossing breeding method for self-pollination 
crops (see rrevious description). A currently available sterile line is 

used as the female and several superior local breeds are used as the males 

to be arranged into several groupings for paired hybridization in the first 
year. Starting in the second year, in the hybrid offspring, groupings of 

inagh degrees of sterility are selected to produce a number of completely 
sterile spikes to be crossed with the male of that grouping for continuous 
back crossing until the sterility of the female plants is stabilized anc 

the other characteristics are similar with the male used in the back crossing. 
That female becomes the new sterile line, while the male is the new sterile- 
free line. 


251 








Hybridizing for Stabilization While Back Crossing Conversion Technique: 


With this technique, sexual hybridization breeding and early conversion of 
the sterile line are carried out simultaneously. In the first year, several 
varieties with distant genetic relationship and good preserving ability 
should be selected as parents (generally one stable sterile-free line and 
another sterile-free type that is not yet stable but having high yield and 
disease resistance characteristics are included in a hybridization group- 
ing), to be arranged into several groupings for proceeding with paired 
hybridization. In the second year, superior single plant(s) of the hybrid 
first generation of the super grouping(s) is selected for bag covering and 
self-crossing. In the third year, the seeds produced from the bag covering 
and self-crossing process are planted to form spike-row(s) according to the 
groupings. In @ nearby area, sterile lines of different growth and develop- 
mental stages or plants of the same sterile line in several stages of plant- 
ing should be planted. After heading, based upon the breeding target(s), 
superior single plants should be selected from superior second generation 
spoke rows for covering with bags and self-crossing. At the same (tine, 
sterile lines with identical blooming times are also used for paired 
hybridization. After maturation, the male and the female are harvested in 
pairs for storage. After the fourth year, the hybrid sterile line is used 
as the female and the corresponding third generation hybrid is used as the 
male for paired adjacent planting. Superior single plants are continuously 
selected from the male for covering with bags and self~-crossing. In the 
female, plants that have good sterility and characteristics similar to the 
male are selected in single spikes for covering with bags to be back crossed 
with the male. Selection and back crossing in this manner should be con- 
tinued until the target is stabilized. This procedure is demonstrated in 
the following diagram: 
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sterile-free line x sterile-free line 


(A) | (B) 
Hybrid First Generation (covering with bag for self-cross) 


sterile line x hybrid second generation (single superior 
plant selected from segregated piants for 
covering with bags and self-crossing) 


sterile hybrid offspring x hybrid third generation (same as above) 
(selecting those with good | 
sterility and similar to 
hybrid third generation) 


recurrent first x hybrid fourth generation (same as above) 
generation \ 


\ 


(selecting those with good 
sterility and similar to \ 


hybrid fourth generation) 





Vv 
recurrent second x hybrid fifth generation (tasically 


generation , stabilized) 
(selecting those with good 
sterility and similar to \ 
hybrid fifth generation) \ 


new sterile Line new sterile-free line 


Fig 5-15 Hybridization Stabilization While Back 
Crossing Conversion 


(3) Selective Breeding of Restorer Line of Hybrid Kaoliang: 


There are many techniques for selective breeding of the restorec Line of 
hybrid kaoliang. For example: 


(a) A currently available superior farm breed or a breed currently being 
extended may be used for test hybridization with the sterile line to deter- 
mine its restoring ability and ite affinity; 


(b) <A systematical selective breeding may be carried out for a currently 
avallable breed or restorer Line; 


) Plants of good restoring characteristics and meeting the requirements 
of the target are selected as parents for inter-variety hybridization; when 
the genetic characteristics are basically stabilized, the product is test 
hybridized with the sterile line; 


(4) A superior breed may be used for back crossing conversion with the 
currently available restorer line; etc. 
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Seed Inspection 
I. Substance of Seed inspection 


In order to improve the purity of the breed and guarantee the quality of the 
seeds, there should be field inspections to certify purity and determine the 
quality of the seeds. The major contents of seed inspection are as follows: 


l. Purification identification should be carried out in the various stages 
of seed beds (generally before the process of eliminating the mixed and the 
inferior and again after that process is completed), to grade the seeds to 
be used as the basis for adopting purification and revitalization measures 


as well as to formulate measures to propagate good seeds and breeds, and to 
eliminate the mixed and the inferior. 


2. Seed quality inspection should be carried out for all seeds before they 
are to be stored, to be planted, and during storage to guarantee sale storage 
and seed viability and to serve as the basis for seed selection, calculation 
of planting quantity, and seed treatment before planting. 


3. Seeds and seedlings that are transported into or from the local area 
should be inspected to determine their grade, and the local epidemic inspec- 
tion office should be assisted in good plant disease inspection work. 


Il. Field Appraisal 


Based upon the morphological characteristics of a variety or breed, field 
appraisal is for comsidering the degree of disease and pest damage, the con- 
dition of mixture with weeds, and the condition of cultivation to determine 
the purity of the variety or breed. Procedures and methods of field appra/sal 
are as follows: 


l. Preparation Work: 

{1) Such conditions as distribution of the various crop varieties or breecs 
in the local area, their cultivation history and area must be surveyed and 
grasped and the major characteristics of the different varieties and breeds 
of the various crops must be thoroughly familiarized. 


(2) The natural conditions, the cultivation conditions, and the growth 
and propagation condition of crops must be understood. 


(3) The source of seeds, the variety and quality, and the quality of plant- 
ing of the fields being inspected must be understoo’. 


(4) The condition of isolation of cross pollinated crops must be understood. 
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2. Division of Field Into Sections and Sample Taking: 


(1) Division of Inspection Section: According to principle, a production 
brigade should be made as a unit. Within a single inepection area the 
crop variety, the source of seeds, and the grade of seeds should be id 
cal, and the natural condition and cultivation management should be 
generally similar. If such is not the case, the area should be divided 
into several inspection sections for separate appraisal. 


: 


2 
ite t 


(2) Method of Sample Taking: SBased upon the shape of the field, the ele- 
vation of the terrain, etc., different methods of sample taking should be 
adopted. Generaily, there are the diagonal line method and parallel line 
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method of sample taking (see the following diagram), and the former is th 
more common. 
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Fig 5-19 Field Appraisal Sample Taking Methods 
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4. Analysis of Samples 


(1) Based upon the typical characteristics of the breed, plants of 
different breeds of the same crop should be distinguished and the number 
of spikes and number of plants (spikes) cf plants belonging to other crops 
should be counted to obtain the purity of that breed. 


number of total crop plants _ number of mixed 





. (spikes) inspected plants (spikes) 
purity of breed (2) number of total plants (spikes) R100 
inspected 


(2) Calculation of the degree of damage by diseases and pests: Plants are 
also used as the unit to obtain the percentage. 


percentage of number of disease (pest) 
disease (pest) « damaged plente (spikes) _ k 100 
4 - number of total plants 

amas (spikes) inspected 





(3) Record of degree of lodging and rate of lodging: 


area of lodging 





lodging rate (%) = xX 100 


total area of 
fields inspected 


(4) The results of inspection shoule be kept in the seed documentation file. 
Opinions regarding purification and revitalization measures or regarding 
extension and propagation of the given breed should be proposed. 


lil. Indoor Inspection 


Indoor inspection is scinly to determine the sprouting rate, the cleanli- 
ness, the moisture content, the disease-pest damage and the grain test 

weight of the seeds to be used for safe storage and as a basis for calculation 
of planting quantity. Indoor inspection includes the two steps of sample tak- 
ing and inspection. 


1. Method of Taking Seed Samples: In order that the samples are fully 
representative, the following methods should be adopted for sample taking: 
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Maximum quantity of Minimum quantity of 





unit of inspection an average sample 

Crop (shih-chin) [catty] | __ (shih-chin) [catty] 
paddy rice, wheat, 

bariey, oats 100 ,000 2 
corn 100 ,000 3 
kaoliang, millet 40 ,000 l 
peanut, broad bean 100,000 3 
soybean 100 ,000 2 
cotton 100 ,000 2 
rape, sesame 10 ,000 0.2 





Note: If the quantity of seeds exceeds the maximum limit, the batch should 
be divided into two or several inspection units for separate sample taking 
and inspection. 


(2) Method of Primary Inspection of Samples: 


(a) Loose Packed Seeds: In a rectang.::at or square warehouse, samples are 

taken at the five points of the four corners and the center. The points of 

the four corners should be about 50 cm from the edge. If the area is overly 
large, eight or eleven points may be selected for sample taking (such as in 

Fig 5-20). 














Fig 5-20 Sample Taking Points of Loosely Packed Seeds 


In a round warehouse or a round tank, sample taking is divided into the 
three parts of inside, center, and outside. Inside means the center of 

the round warehouse; center means the center of the radius of the round 
warehouse; outside means the area 30 cm from the edge of the round ware- 
house. At the sample taking time, three points are established on the 
diameter of the round warehouse (one point on the inside and two points 

in the center). In the outside, perpendicular to this diameter, two more 
points should be establishe', to form a total of five points. If the diame- 
ter of the round warehouse is greater than 7 m, more points should be suit- 
ably added. 
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The number of layers of seeds in a pile to be inspected is determined by 

the height of the pile. If the seed pile is U.5 m in height, it does not 
have to be divided into layers and hand sample taking is sufficient. If 
the seed pile is not quite 2 m, it should be divided into the two layers of 
the upper and the lower. If the height of the pile is 2-3 m, it should be 
divided into the three layers of upper, middle, and lower, with the upper 
layer 10-20 cm from the top surface, the middle layer on the center of the 
pile, and the lower layer at the bottom of the pile. For seed piles higher 
than 7? m, an additional layer should be aided for every 1 m increase in 
height. 


(b) Seeds Packed in Bags: 
1-20 bags: Sample taken from every bag; 


21-50 bags: using 20 bags as the basic unit, samples are taken from one 
bag out of every two of the remaining; 


51-250 bags: using 35 bags as the basic unit, samples are taken from one 
bag out of every five of the remaining; 


251-500 bags: using 75 bags as the basic unit, samples are taken from one 
bag out of every ten of the remaining; 


above 500 bags: divide the batch into two inspection units for sample taking. 


(c) Number of sp’kes to be inspected among stored whole spikes of corn 
and kaoliang: 

less than 1000 spikes: inspect 10 spikes; 

1001-5000 spikes: inspect 15 spikes; 

5001-10,000 spikes: inspect 20 spikes; 

10,001-50,000 spikes: inspect 30 spikes. 


(d) Number of seed-potatoes to be inspected in sweet potatoes and potatoes: 


less than 10 tons: inspect 100 pieces; 
11-50 tons: inspect 150 pieces; 

51-100 tons: inspect 200 pieces; 
101-500 tons: inspect 250 pieces. 


For the method of sample taking, hands should reach into different parts 
to pick average samples. 
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(3) Division of Samples: When samples taken from the above described 
locations are mixed together they form the original sample, which is then 
divided with either a sample dividing caldron or the cross dividing method 
to obtain the average sample, the minimum weight of which is given in a 
table on a previous page. Fach of these samples should bear a marker to 
indicate the production unit, the variety, the warehouse number (or tank 
number) and the date on which the sample is taken before it is wrapped and 
sent to the seed inspection laboratory. 


2. tndoor Inspection Procedure 


In order that the results of inspection are accurate, the procedure given 
in the following (Fig 5-21) should be followed. 
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Fig 5-21 Procedure of Indoor Seed Inspection 


l. original samples 

2. average sample 

§. inspecting for odor, color, and large foreign matter 
4. inspecting for diseases, pests, and moisture content 
5. determining volume 

6. preserving sample for [future] examination 

/. inspecting for purity 

8. determining sprouting potential, sprouting rate 

9. determining grain test weight [weight of 100 grains] 
10. inspecting for purity of breed 


$. Items and Methods of Indocr Inspection 


(1) Purity of Breed: A small amount of seeds should be taken randomly anc 
spread onto the table. Based upon the shape, color, etc., of seeds of the 
breed, seeds of foreign breed(s) should be counted and computed accocatug 
to the following formula: 


number o!| secds of 
the breed 

purity of breed (7%) = LL FL 
total number of seeds 
inspected 














(2) Purity of Seeds: A given amount of seeds should be weighed; among 
these seeds, the broken ones, the defective, the hull, grass seeds and 
dirt, seeds of other crops, and other mixed-in foreign matter should be 
eliminated. The percentage of the clean seeds in the batch is the purity. 
The method is to take two random batches and place them separately on a 
smooth surface in order to separate the seeds from the foreign substances 
and weigh these separately before using the following formula to calculate 
the mean value. 


weight of clean 
seeds 

purity of seeds (%) = — x 100 
weight of seeds 
inspected 





(3) Sprouting Rate and Sprouting Potential of Seeds: Of the seeds tiact 

have been cleaned, 400 kernels should be taken randomly (for crops with 

large kernels such as corn, peanut and soybean, 200 kernels may be suf- 
ficient) and divide them into four groups to be placed separately in boxes 

or glass jars, sprinkled with water and placed in an area of a given tempera- 
ture for sprouting. The number of kernels having sprouts should be recorded 
every day and the test should conclude after a given period of time. The 
formula for computation is as follows: 


number of sprouted 

seeds 

a — —— xX 100 
total number cf seeds 

being tested 








sprouting rate (%) = 


The speed and the ability of seeds to sprout are often expressed by the 
sprouting potential. The sprouting potential is represented by the per- 
centage of seeds developing sprouts in the first few days of the sprouting 
test to the total number of seeds being tested. The formuia for computa- 
tion is as follows: 


number of seeds sprouted 

within a given number of days 
sprouting potential (%) = X 100 

total number of seeds tested 





(4) Moisture Content of Seeds: A sample weaghing 5 g should be taken 
from seeds that have been ground, and placed in a 105°C oven to dry for 
3-4 hours, or a 130°C oven for 40 minutes before it is taken out to be 
cooled and weighed. It should be placed in the oven again for half an 
hour, and weighed again. The procedure should be continued until the 
weight becomes stab’e. The formula for computation is is follows: 


veight of seecs weight of seeds 
before drying ~ after dryine 
: weight of seeds ~* 
after drying 





moisture content of seeds (%Z) = 
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(5) Grain Test Weight: It is the weight of 1000 kernels of naturally dried 
seeds, and is represented in grams. The concrete method is to take 1000 
kernels of seeds that have been tested for purity and divide them into 2-3 
batches to be counted and weighed separately to obtain the mean. For crops 
with large kernels, the weight of 100 kernels is sufficient for the purpose. 


(6) Seed Utilization Value: This is an important index for determining the 
planting quantity and the grade of the seeds. The formula for computation 
is as follows: 


seed utilization value (%) = seed purity (%) x sprouting rate (%). 


Technical Regulation for Sprouting Seeds 








Days for Days for 
determining deter” ‘aing 
Condition of Tempera- sprouting sprouting 

Name of crop sprouting bed ture (°C) potential rate 
wheat sand or filter paper 20 3 7 
paddy rice eind or filter paper 25-30 4 10 
barley sand or filter paper 20 3 / 
oats sand or filter paper 20 4 7 
buckwheat sand or filter paper 20-30 4 8 
rye sand or filter paper 20 3 7 
corn sand 25-30 3 ] 
kaoliang sand 20-30 5 10 
mille: sand or filter paper 20-30 3 7 
panicum sand or filter paper 20-30 3 7 
soybeans sand 25-30 3 7 
broad bean sand 20 “ 10 
pea sand 245 3 7 
adzuki bean sand 20 5 7 
cotton sand 25-30 3 9 
peanut sand 25-30 4 10 
rape filter paper 20-30 3 7 
tobacco filter paper 20-30 6 12 
sugar beet sand 20-30 5 10 
hemp sand or filter paper 20 3 7 
abutilon avicen- 

nae Gaerth sand 20-30 5 10 
flax sand 20 3 10 
ramie filter paper 20-30 7 14 
Linum 

usitatissimum filter paper 20 3 7 
castor-oil pla»: sand 20-30 5 10 
Medicago 

denticulata filter paper 20 4 10 
Astragalus 

me Lilotoides filter puper 20 3 10 
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(7) Volume-weight: The weight of seeds in a unit volume is called volume- 
weight. For example, the weight in catties of seeds in 1 sheng, 1 tou, or 
| shih, or the welght in grams of seeds in 1 sheng is called the volume- 
weight of the seeds. It is generally obtained by using the "May-l Style” 
volume weight measure. 


(8) Orderliness of Cotton Fiber: It is expressed by either the percentage 
of fiber orderliness or the variable coefficient of the staple: 


(a) Percentage Rate of Fiber Orderliness: 


average fiber length + number of seeds 
within a 2 mm limit 
fiber orderliness (7) = - x 100 
total number of seeds in 
the seed-cotton inspected 





For example, 50 cotton seeds are combed obtaining an average fiber length 
of 29 mm: 29-2 = 27, 2942 = 31. If in the 50 cotton seeds, there are 45 
seeds having a fiber length of between 27 and 31, with the above formula, 
the fiber orderliness may be computed to be 90 percent. When the orderli- 
ness is above 90 percent, the figure indicates that the purity is good; 3 
figure below 90 percent indicates poor purity. 


(b) Fiber Variable Coefficient: Based upon the deviation between the 
fiber length of each cotton seed and the average fiber length, the standard 
deviation is calculated. From the standard deviation, the percentage of 
the average fiber length is computed. 


fiber length variable coefficies . (%) 














ee le ee ee 


/ sum of fiber length of each -otton seed and ‘average length deviation’ 


V _ “number of cotton seeds inspected x 100 


average fiber length (mm) 





When the fiber variable coefficient is below 5 percent (the equivalent of a 
fiber orderliness »>f above 90 percent), the figure indicates orderliness; 
when it is above 7 percent, it represents disorderliness, or poor purity. 


Seed Safekeeping 


l. Before sseds are stored in a warehouse, the warehouse must be repaired 
and well maintained so that it is ventilated, dry, not leaking water and 
without mice holes. It should be thoroughly cleaned and disinfected (using 
the fumigation method as described previously). 








2. Before being stored in the warehouse, the seeds must be dried, winnowed 
clean and have a moisture content below the safety level (it should be below 
14 percent for wheat, paddy rice, corn, and kaoliang; for soybeans and cotton 
it should be below 12 percent). 


3. A system of separate storage for different grades and different breeds 
should be established. Based upon the results of the field purity appraisal! 
and the yard (for sunning) seed quality appraisal, the seeds should be 
stored separately by the breed, the difference in purity and the difference 
in moisture content; on these bases the seeds are graded. There should be 
obvious markers to show the breed, the quantity, and the grade. There should 
be a distance between the storage areas of different breeds (it is the best 
to store them in separate warehouses). There should be a strict procedure 
for receiving seeds to be stored in the warehouse and for requisition of 
seeds to be taken out of the warehouse; the various tools used in this pro- 
cess should be permanently separate to prevent the brec’s from mixing. 


4. A periodical safety inspection system should be established. After the 
seeds have been stored in the warehouse, the temperature, moisture content, 
sprouting rate, sprouting potential and pest damage should be period‘cally 
examined and recorded. The seeds must be prevented from becoming damp, 
heated, moldy, insect-ridden and damaged from cold, mice and sparrews. The 
normal temperature in a pile of seeds should generally be lower than the 
atmospheric temperature during the day, and slightly higher than tie atmos- 
pheric temperature at night. 


5. In severaly cold areas, before overwintering, seeds of such crops as 
corn, kaol{c ig and paddy rice should be fully dried (generally before the 
middle of \ rember). It is the best to harvest corn before frost ami to 

dry the see 3; early. Seeds of paddy rice should be stored in a good vault. 
For some superior minor breeds and seeds containing a moisture above the 
safety level, the method of warm room storage should be adopted (ventilation 
must be emphasized to prevent molding) so as to prevent the seeds from 
freeze damage, which will cause a loss in the sprouting rate. This measure 
will guarantee the safe overwintering of these seeds. 


6168 
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Superior Seed Strains of Staple Crops 
I. Paddy Rice 
Erh-chiu-nan [Er-jiu-nan]* [0059 0046 0589] No. 1 


Main Characteristics end Distinctive Features: Hsien type. Produced by 
crossing “Erh-chiu-ai [Er-jiu-ai] [0059 0046 4253] No. 7" and “Ai-nan-tsao 
{[Ai-nan-zao] [4253 0589 2483] No. 1” by the Chia-hsing Prefecture Institute 
of Agricultural Sciences in Chekiang Province. The plant is 65 centimeters 
in height and compact in form. Tillering ability is moderate. Kernel 
weight per 1,000 is approximately 27 grams. Grains are full. Rice quality 
is relatively good. Apicules are purple in color. Adaptability is st~ ng. 
However, during the seedling stage, cold resistance is relatively poo: . 

So, attention should be paid to timely seeding. The growth period is about 
103 days. Generally, the per mou yield is 700 catties, with higher vielcus 
attaining more than 800 catties. 


Areas Suitable for Planting: Plant as a double-crop early rice in areas 
along the middle and lower reaches of Yangtze River and in Hunan and 
Chekiang Provinces. 


Erh-chiu-ch'ing [Er-jiu-qing] [0059 0046 7230] 


Main Characteristics and Distinctive Features: Hsien type. Produced by 
crossing “Erh-chiu-ai [Er-jiu-ai! [0059 0046 4253] No. 7" and "Ch‘ing-hsiao- 
cehin-tsao [Qing-xiao-jin-zao] [7230 1420 6855 2483]" by the Chekiang 
Provincial Academy of Agricultural Sciences. The plant is 65 to 70 centi- 
meters in height and compact in for.. Earing is orderly and the rate is 
high. The spike is comparatively big in shape. Kernel weight per 1,000 

is about 24 grams. The husk is relatively thin. Rice quality is relatively 
good. The fully grown plant is a handsome plant. Its disease resistance is 
relatively high. Apicules are of a yellow color. During the seedling 
stage, cold resistance is poor and tillering ability tends to be weak. In 
cultivation, heed should be paid to timely seeding and rational close plant- 
ing. The growth period is between 105 and 110 days. Usually, the yisid per 
mou is 600 to 700 catties, with higher yields attaining upward of 800 catties. 


Areas Suitable for Planting: Plant as a double-crop early rice in areas 
along the middle and lower reaches of Yangtze River and in Chekiang, Fukien 
and Hunan Provinces. 





*Editor's note: Varietal names are given in both Wade-Giles and Pinyin. 
Pinyin is in brackets 
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Hsien-feng [Xian-feng] 0341 6912] No. 1 


Main Characteristics and Distinctive Features: Hsien type. Produced by 
crossing “Lu-ts'ai*hao [Lu-cai-hao] [7120 2088 5714]" and "“Kuang-ch‘ang-ai 
[Guang-chang-ai] [1684 1034 4253] No. 6” by Chekiang Agricultural University. 
The plant is about 80 centimeters in height and concentrated in form. 
Tillering ability is moderate. Earing is orderly and the rate is high. 

Kernel weight per 1,000 is about 26 grams. The percentage of rice formation 
is high and its quality is relatively good. During the seediing stage, cold 
resistance is strong, fertilizer requirement is moderate, and the adaptabiiity 
range is broad. Both leaf and apicule are purple-colored. it is nonresistant 
to rice ear and neck-blast. The growth period is approximately 116 days. 
Generally, the per mou yield is between 700 and 800 catties, with higher 
yields attaining 1,000 catties. 


Areas Suitable for Planting: Plant as a double-crop early rice in areas 
aiong the middle and lower reaches of Yangtze River and in Chekiang, Hunan 
and Fukien Provinces. 


Chen-chu-ai [Zhen-zhu-ai} (3791 3796 4253] No. li 


Main Characteristics and Distinctive Features: Hsien type. "roduced by 
crossing “Ai-chan [Ai-zhan] [4253 0594] Ne 4” and “Hui~yang Chen-chu-tsao 
|Hui-yang Zhen-zhu-zao} [1920 7122 3791 3796 2483j" by the Kwangtung 
Provincial Academy of Agricultural Sciences. The plant is between $0 and 
l.v centimeters high. The stem is thick and its nodes are closely spacec. 
The length of a spike is from i8 to 20 centimeters. Each spike bears about 
85 kernels and their arrangement is relatively sparse. Kernel weight pe- 
1,000 is approximately 25 grams. The adaptability range is broad, tiller- 
ing ability is strong, greening-up is rapid, and the earing rate is high 

is not prone to lodging. But it is easily infected with sheath and culm 
biight and bacterial leaf blight. In Kwangtung Province, the growth period 
is from 120 to 125 days. Generally, the per mou yield is 500 catties more 
or less. 


Areas Suitable for Planting: Plant as a double-crop eariy rice in Kwangtung 
and Kwangsi, and as an early-maturing intermediate rice or iate-maturing 
early-cropping rice in Szechwan, Hunan, Hupeh and Kiangsi. 


ho) 


Main Charecteristics and Distinctive Features: Hsien type. Introduced from 
abroad. ine plant is about 90 centimeters high. Tillering ability is 
especially strong. Leaf blades are-rigid and straight Growth is vigorous. 
The spike ts big and kernels are heavy. On the average, each spike bears 
about 100 kernels and kernel weight per 1,000 is approximately 28 grams. 
Rice quality is relatively good. Grains do not drop off easily. However, 
earing and ripening are not orderly enough and it is apt co be infected with 
bacterial leaf blight and Sclerotinia rot. The growth period is about 150 days. 








By and large, the per mou yield is 900 catties, with higher yields attaining 
upward of 1,200 catties. Im cultivation, it is necessary to apply ample 
fertilizer to the subsoil and additional fertilizer early in the tillering 
Stage, and to pay attention to the prevention and control of paddy rice 
borers, leaf rollers and bacterial leaf blight. 


Areas Suitable for Planting: Plant as a single-crop intermediate rice in 
areas along the middle and lower reaches of Yangtze River. 


Ching-ai-no [Jing-ai~nuo] [5427 4253 4754) 


Main Characteristics and Distinctive Features: Glutinous rice. Produced 

by the Ching-chou Prefecture Institute of Agricultural Sciences in Hupeh 
Province from the “Chin-hsuan-ai [Jin-xuan-ai] [6855 6693 4253)" variety 
through systemic selection and breeding. The plant is about 95 centimeters 
in height and is loose and scattered in form. Tillering ability is moderate. 
The stem is thick and sturdy. Leaf blades are broad and slightly spread out. 
The spike is big and bears numerous kernels and kernel weight per 1,000 is 
about 2/7 grams. The kernel itself is long and narrow in shape and the husk 
is thin. Its stickiness is prominent. The entire growth period is about 

135 days. Usually, the per mou yield is between 800 and 900 catties, with 
higher yields attaining 1,000 catties. 


Areas Suitable for Planting: Areas along the middle and lower reaches of 
Yangtze River. 


Nung-k'en [Nong-ken] [6593 1083] No. 58 


Main Characteristics and Distinctive Features: Keng type. Introduced 

from abroad. The plant stands 110 centimeters tall and the stem is slender 
and pliable. Tillering ability is strong and the earing rate is high. 
Arrangement of kernels is dense, with 60 to 70 kernels to each spike, an‘ 
kernel weight per 1,000 is between 27 and 28 grams. The percentage of rice 
formation is high and its quality is good. It is certilizer-tolerant, 
lodging-resistant and anti-bacterial leaf blight. Its adapte>ility range 

is broad. When planted as single-crop late rice, its growth period is about 
165 days and when planted as double-crop late rice, its growth period is 140 
days. Generally, the per mou yield is 800 to 900 catties. 


Areas Suitable for Planting: Areas along the middle and lower reaches of 
Yangtze River and in Hunan, Fukien and Honan Provinces. 


Hu-husan [Hu-xuan] [3337 6693] No. 19 


Main Characteristics and Distinctive Features: Keng type. Selected from 

the “Nung-k'en [Nong-ken] No. 58" variety. The plant is 85 centimeters 

high. The stem is slender and pliable. It is fertilizer-tolerant and 
lodging-resistant, and its adaptability range is broad. Tillering ability 

is moderate and the earing + te is high. Kernel weight per 1,000 is 28 grams 
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more or less. The percentage of rice formation is high and its quality is 
good. When planted as double-crop late rice, its growth period is between 
120 and 130 days. The per mou yield is 700 to 800 catties. 


Areas Suitable for Planting: Areas along the middle and lower reaches of 
Yangtze River. 


Nan-keng [Nan-geng] [0589 4734] No. 8 


Main Characteristics and Distinctive Features: Keng type. Produced from 
the "Nung-k’en [Nong-kea] No. 57" variety through systemic selection and 
breeding by the Kiangsu Provincial Insticute of Agricultural Sciences. 

The plant attains a height of about 105 centimeters. The stem is strong and 
pliable and relatively resistant to lodging. Tillering ability is strong. 
Leaf blades are rather narrow and elegant looking and are resistant to 
disease. The spike is big with numerous kernels and either is awless ox 
has an apical awn. Kernel weight per 1,000 is approximately 26 grams. The 
husk is thin. The percentage of rice formation is high and its quality is 
good. The growth period is 145 to 150 days. Generally, the per mou yield 
is between 700 and 800 catties. 


Areas Suitable for Planting: Plant either as a single-crop intermediate 
rice or as a double-crop late rice in areas along the middle and lower 
reaches of Yangtze River. 


Nung-k‘en |Nong-ken] No. 48 


Main Characteristics and Distinctive Features: Keng type. Introduced from 
abroad. The plant is about 75 centimeters high. The length of a spike is 
13 to 14 centimeters. Each spike bears 60 kernels more or less. It is awn- 
less and the glumes are yellowish white in color. Arrangement of the kernels 
is dense and kernel weight per 1,000 is between 25 and 27 grams. Growth is 
slow during the seedling stage and vigorous during final tillering. Tiller- 
ing ability is relatively weak. Leaf color is dark green. The stem is 
thick and rigid and not prone to lodging. It is resistant to blast of 

rice. Falling off of grains is moderate. It is cold-resistant and ferti- 
lizer-tolerant. In the main, the per mou yield is 500 to 600 catties. 

fhe growth period in Heilungkiang Province is about 120 days and in areas 
along the middle and lower reaches of Yangtze River, 100 days. 





Areas Suitable for Planting Is cultivated in the Ho-chilang and Mu-tan- 
chiang Prefectures in Heilungkiang Province; is grown by layering after 
the wheat crop in Ch'ang-chi [Hui] Prefecture in Sinkiang; and is planted 


as doub'e-crop early rice in areas along the middle and lower reaches of 
Yangtze River. 
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Kuo-ch"ing [Guo-qing] [0948 1987] No. 20 


Main Characteristics and Distinctive Features: Keng type. Produced by 
selection and breeding from the "Kung-chiao [Gong-jiao] [0361 0074] No. 16" 
variety by a certain unit of the Production and Construction Corps of the 
Sinkiang Military Region. The stem is thick and hardy and the root systes 
is big and stronm;. Growth is vigorous. The plant stands 135 centimeters 
tall. Tillers on a single plant average 3 to 3.3 in number. The spike is 
compact in form, big with numerous kernels, and its length measures from 

20 to 25 centimeters. Each spike bears 150 to 200 kernels, with 400 or 
more as the maximum. Its glumes have the color of yellow and their awns 
are long. The kernels are short and round and the per 1,000 weight is 
approximately 30 grams. It is fertilizer-tolerant, lodging-resistant and 
resistant to blast of rice. The percentage of coarse rice is 80 percent 
and its quality is relatively good. The growth period is about 140 dayr 
Usually, the per mou yield is 900 to 1,000 catties, with the maxioum reach- 
ing 1,300 catties. 


Areas Suitable for Planting: Principally, it is cultivated in the southern 
part of the Sinkiang. Also, it is being trial-planted, with a view to be- 
ing popularized, in northern Sinkiang farms where paddy rice is grown. 


Ching-yu [Jing-yu] [0079 5148] No. 1 


Main Characteristics and Distinctive Features: Keng type. Produced by 
crossing “Shui-yuan San-pai-li [Shui-yuan San-bai-1i] [3055 3293 0005 4102 
4721)" and "Yin-sheng [Yin-sheng] [6892 0524]" by the Institute of Crop 
Breeding and Cultivation of the former China Acadeny of Agricultural 
Sciences. The plant sprouts in a healthy manner. It is compact in form 
and stands 110 centimeters tall. The stem is rigid, leaves are dark green, 
and tillers shoot forth early and in abundance. The earing rate is high. 
Spikes are big, kernels are numerous, ard grains are full. The entire 

Ki owth period lasts 170 days more or less. The plant is tolerant of low 
temperatures and adaptable to cultivation in places of high or medium 
fertility. Attention should be paid to early seeding, early transplanting, 
and prevention and control of blast of rice. By and large, the per mou 
yield is about 1,000 catties. 


Areas Suitable for Planting: The variety is bein extended in Peking and 
in Honan and Hopeh Provinces. 


Nung-k’'en [Nong-ken] No. 40 


Main Characteristics and Distinctive Features: Keng type. Introduced from 
abroad. The plant measures 110 ce..timeters in height. it either is awn- 
less or has short awns. In form the plant is compact. The stem is rela- 
tively rigid, therefore lodging-resistant. Tillering ability is strong and 
the earing rate is high. It is highly resistant to blast of rice, but not 
to Sclerotinia rot. Its adaptability is strong and its yield is high. 
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Rice quality is good. It should be planted in highly fertile fields. 
'ts seedlings should be cultivated early and transplanted early. in 
Hopeh Province, the growth period is 175 days. Generally, the per mou 
yield is between 800 and 1,000 catties. 


Areas Suitable for Planting: Large area cultivation of the variety is 
being carried out in Peking and Tientsin and in the provinces of Hopeh, 
Honan and Shantung. 


Ching-feng |Jing-feng| [0079 6265] No. 2 


Main Characteristics and Distinctive Features: Keng type. Produced by 
crossing “Shui-yuan San-pai-1i" |Shui-yuan San-bai-1i}] and “Nung-k"en 
[Nong-ken] No. 21” by the Institute of Crop Breeding and Cultivation of the 
former China Academy of Agricultural Sciences. It is awnless. Clumes are 
vellowish white in color at the apex. The plant has a liking for fertili- 
zer. its tillering ability is relatively strong. The stem is rigid, 
therefore lodging-resistant. Earing is orderly. Empty grains are rela- 
tively few. Resistance to blast of rice is strong. So is adaptability. 
it should be planted in fields of moderate fertility. it is suitable for 
planting as seedlings following wheat. The seedling age for transplanting 
is from 45 to 50 days. Attention should be paid to appropriate close 
planting. In Hopeh Province, the entire growth period is about i50 days. 


Areas Suitable for Planting: The variety is increasingly planted as a 
crop tollowing wheat in Peking and Hopeh Province. 


K*en-feng (Ken-feng] [1083 6265] No. 5 


Main Characteristics and Distinctive Features: Keng type. Produced by 
crossing “Yin-sheng™ [Yin-sheng! and “Pei-ching [Bei-jing| [0554 0079! 

No. 5” by the Hopeh Provincial Institute of Scientific Agricultural Reclama- 
tion. The plant attains a height of 100 to 105 centimeters. Leaf blades 
are short, broad, thick and erect. Leaf color is a dark green. The plant 
is compact in form. The stem is thick and rigid. The cluster spikes 
measure 15 centimeters long. The percentage of sterility is iow. The 
plant grow. vigorously and greens up rapidly. it is tolerant of salt and 
alkali, has a liking for fertilizer, and is resistant to lodging. its 
adaptability is strong. Bu, its resistance to rice ear and neck biast 
disease is relatively low ani tillering ability is weak. In cuJcivation, 
attention should be paid to appropriate close planting. The entire growth 
period is some 160 days. On the whole, the per sou yield is between 600 
and 1,000 catties. 


Areas Suitable for Planting: Large area cult‘tvation has been increasingly 
carricd out in Hopeh Province. Some planting is being done in Shanture, 
Shane’, Kiangsu, Liaoning and Peking. 
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Ai-feng [Ai-feng] [4253 6265] No. 2 


Main Characteristics and Distinctive Features: Keng type. Produced by 
crossing “Pei-ching [Bei-jing] No. 5" and "Wei-kuo [Wei-guo] [5898 0948] 

No. 7" by the P’an-chin[’?] Prefecture [ti’ch’u] Institute of Agricultural 
Sciences in Liaoning Province. The plant is 90 centimeters high. In 

form it is compact. Spikes are relatively big and arrangement of kernels 

is dense. The plant is fertilizer-tolerant. During the seedling stage, 

its cold resistance is strong. Tillering ability is moderate. It is easily 
infected with blast of rice. Half-filled grains are relativeiy numerous. 
The stem is rigid and lodging-resistant. The entire growth period is 150 
days more or less. Usually, the per mou yield is 800 to 900 catties. 


Areas Suitable for Planting: Planted increasingly in the provinces of 
Liaoning, Shansi and Hopeh. 


Chi-keng [Ji-geng] [0679 4734] No. 53 


Main Characteristics and Distinctive Features: Keng type. Produced by 
crossing “Sung-liao [2646 6697] No. 4" and “Nung-k’en No. 20" by the Kirin 
Provincial Academy of Agricultural Sciences. The plant is 110 centimeters 
high. Leaf blades are relatively broad. Spikes are big and arrangement 

of kernels is dense, with about 150 kernels in each spike. It is awnless 
and glumes are yellow in color at the apex. Kernel weight per 1,000 is 
approximately 26 grams. ice quality is good. The young seedling is hardy, 
has a liking for fertilizer, and is resistant to blast of rice. The entire 
growth period is 14) days. Under the conditions of high or moderate fer- 
tility, the yield is between 900 and 1,000 catties per mou. 


Areas Suitable for Planting: Suitable for planting in the areas of T'ung- 
hua, Chi-lin [Munic‘pality], Yen-pien and Ssu-p'ing in Kirin Province. 
Also it is cultivated in Liaoning and the northern part of Hopeh Province. 
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ll. Winter Wheat 
Nung-ta [Nong-ta] 139 


Major Characteristics and Distinctive Features: The former Peking Agri- 
cultural University used (Nung-ta [Nong-ta] 183 « Wei-erh [Wei-er]) and 
(Yen-ta [Yan-ta] 1817 x 30983) to breed the hybrid. Its stalk is of medium 
height; its spike is spindle shaped; ite spikelets are relatively dense; 
and it is bearded. The hull in white and the grain is white. The grain 
test weight is 36-37 g¢ per 1990 grams. it is of better qualiry. 
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The tillers are numerous; the stem is relatively hard; and the rate of 
spike formation is high. It is a winter variety of medium maturity. Its 
<old tolerance is relatively high. It resists stripe rus‘, and is mildly 
susceptible to leaf rust. It turns green relatively eariy, and is fer- 
tilizer tolerant and fond of water. It is lodging resistant and suitable 
for cultivation in irrigated land of medium to high erfility. Attention 
must be given to irrigation in the late stage to pr v2. tip dryness and 
early withering. Under conditions of sufficient water and fercilizer, the 
yield is generally 600-800 catties per mou, and may reach over 1000 catties. 


Areas Suitable for Growing: It is being cultivated in Peking, Tientsin, the 
northeastern part of Hopeh, and the Chin-chung Prefecture of Shansi. 


Nung-ta [Nong-ta] 311 


Major Characteristics and Distinctive Features: The former Peking Agricul- 
tural University used "Sheng-li-mai [Sheng-li-mai]" and "Yen-ta [Yan-ta} 
1817" to breed the hybrid. It is a winter variety of medium late maturity. 
[Its spike is spindle shaped, with long beard, white hull, and red grain. 
Its grain test weight is abovt 35 g per 1000 grains. it is among the tall 
type, with numerous tillers and a high spike formation rate. Its cold 
tolerance is high, with some drought resistance. Its saline and alkaline 
tolerance is high and it is broadly adaptable. In recent years, its stripe 
rust resistance has somewhat deteriorated. It is mildly susceptible to 
leaf rust. Its stalk strength is medium, and it is suitable for cultivation 
in irrigated land of medium fertility. The yield is generally 300-400 
catties and can be 300 catties in dry, thin, and alkaline land with rela- 
tively inferior water and fertilizer conditions. Under conditions of good 
water and fertilizer, the yield may reach 600-700 catties per mou, but 
attention must be given to lodging prevention. 


Areas Suitable for Growing: Dry, thin, and alkaline lands of Peking, Tient- 
sin, the central part and the northern part of Hopeh. 


Peking No 10 (5819) 


Major Characteristics and Distinctive Features: Bred by the former Insti- 
tute of Crop Breeding and Cultivation, Chinese Academy of Agricultural 
sciences used (Hua-pei [Hua-bei] 672 x Hsin-shih-mai [Xin-shi-mai]) and 
(Tsao-shu [Zac-shu] No 1 x Hua-pei [Hua-bei] 672). It is a winter variety 


») early medium maturity. the stalk is about 100 cm in height, with big 
and strong stems. The stems and leaves are straight with considerable 

wax content. The spike is stick-shaped, with beard. The hull is white and 
the grain is white. The grain test weight is 38-40 g per 1000 grains. It 
is of good quality. the cold resistance is medium, the spike formation rate 
is high. Its high yield property is good but its drought tolerance is 
rather poor. it resists stripe rust but contracts leaf rust easily. It is 


lodging resistant and is suitable for cultivation in irrigated lands of 
ipper and medium fertility. After heading, water should be timely applied 
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to prevent early withering. Under conditions of medium to superior 
fertilizer and water, the yield is generally 500-600 catties per mou and 
may reach as high as 800-900 catties. 


Areas Suitable for Growing: [It is cultivated on large acreages in Peking, 
Tientsin, Hopeh, and Chin-chung Prefecture of Shansi. 


Peking No 15 


Major Characteristics and Distinctive Features: bred by the former Insti- 
tute of Crop Breeding and Cultivation, Chinese Academy of Agricultural 
Science: through hybridization with "5707" and "5709". The stalk is 90 cm 
in height. The spike is spindle shaped, with long beard, white hull, and 
red grain. The grain test weight is 38-41 g per 1000 grains. The quality 
is good. It is a winter variety of medium early maturity. Its tillering 
ability is medium; its cold tolerance is high; its drought tolerance is 
relatively poor. It resists stripe rust, and is mildly susceptible to 
leaf rust. Its stem is strong and it is relatively resistant to lodging, 
and suitable for cultivation in irrigated lands of medium to superior fer- 
tility. The yield is generally 500-700 catties per mou. 


Areas Suitable for Planting: Peking, Tientsin, Hopeh, etc. 
Peking No 11 (3653) 


Major Characteristics and Distinctive Features: Bred by the former Insti- 
tute of Crop Breeding and Cultivation, Chinese Academy of Agricultural 
Sciences through hybridization with "5711-46" and "Peking No 8." Its spike 
is spindle shaped, with long beard, white hull, and white grain. The grain 
test weight is about 40 g per 1000 grains. The quality is good. It is a 
winter variety of early maturity. Its tillering ability is medium. It is 
highly cold tolerant and its drought tolerance is poor. The tip of spike 
has dry phenomenon. It resists stripe rust, and its leaf rust susceptibility 
is medium. The stalk is short and the stem is strong. It is relatively 
resistant to lodging. It is suitable for intercropping or for double 
cropping with rice in irrigated fertile lands. In the late stage, water 
application should be timely to prevent early withering due to drought. 

The yield is generally 400-600 catties per mou. 


Areas Suitable for Growing: Peking, Tientsin, Hopeh, etc. 

Shih-chia-chuang [Shi-jia-zhuang] 54 

Major Characteristics and Distinctive Features: The Hopei Provincial Insti- 
tute of Agricultural Crops used "Pi-ma [Bi-ma] No 4" and "Tsao-yang-mai 


| Zao-yang-mai]" to breed the hybrid. The stalk is about 100 cm in height. 
The spike is stick-shaped. The spikelets are dense, with numerous 
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inflorescences and seeds. The heads are orderly, with long beard, white 
hull, and white grains. The grain test weight is 28-34 g per 1000 grains. 
[t is a winter variety of medium early maturity. Its tillering ability is 
strong. The stems are tough and the lodging resistance is relatively 
strong. It is easily infected by stripe rust and leaf rust diseases. The 
range of adaptability is relatively broad and it is also suitable for inter- 
planting and intercropping. The yield is generally 400-600 catties per mou. 
lf the water and fertilizer condition is good, the yield may reach 700-800 
catties. 


Areas Suitable for Growing: It is cultivated in large acreages in the 
central southern part of Hopei. It is cropped in Shansi and Shantung as 
well. 


Pai-yu-pao [Bai-you-bao]} 


Major Characteristics and Distinctive Features: It was bred by the Yen-t'ai 
Prefectural Institute of Agricultural Sciences of Shantung Province through 
selective breeding from a single stalk of white-grained "Yu-pao [You-bao]" 
which is a hybrid of “Yu-tzu-mai [You-zi-mai]" x "Pao-ta-san-pai-p'ao [Bao- 
ta-san-bai-pao]." It is a winter variety of medium maturity. The stalk is 
about 90 cm in height. The spike is spindle shaped, with beard. The hull 

is white; the grains are white. The grain test weight is 34-42 g per 1000 
grains. The stem is relatively tough and is rather lodging resistant. Its 
tillering ability is strong and the spike formation rate is high. It is 
relatively stem rust resistant but is easily infected by leaf rust and stripe 
rust diseases. It does not resist white powdery mildew. It is tight mouthed; 
it does not shed seeds easily. The dormancy period of the seeds is rela- 
tively long; the seeds do not easily sprout when it rains during the ripening 
stage. it tolerates water and fertilizer and does not tolerate thin soil. 
Under the condition of sufficient water and fertilizer, the yield is generally 
/00 catties per mou, and may reach higher than 1000 catties. 


Areas Suitable for Growing: Shantung, Honan, etc. 
A-fu [A-ful] 


Major Characteristics and Distinctive Features: It was introduced from a 
foreign country. The stalk is 90-100 cm in height. The spike is rectangular 
shaped, with Long beard. The hull is white and the grains are red. The 
grain test weight is 36-38 g per i000 grains. The quality is relatively 
poor. It is a weak winter variety of medium late maturity. Its cold 
tolerance is poor. The seedling stands straight; the tillering ability is 
medium. The leaves are large and droop downward. The stem is large and 
strong. it Likes water and tolerates fertilizer. It is lodging resistant. 
[ts drought: tolerance is poor. It resists stripe rust, and is mildly sus- 
ceptible to leaf rust and stem rust diseases. It is broadly adaptable. In 
irrigated lands of medium to superior fertility of Hopei, the yield is 
generaliy 600-/00 catties per mou. 


Areas Suitable for Growing: It is cultivated in North China, the Northwest, 
anc the middle and lower reaches of the Yangtze River. 
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Cheng-chou [Zheng-zhou] No 17 


Major Characteristics and Distinctive Features: The Honan Academy of 
Agricultural Sciences bred it through hybridization with "Nei-hsiang 
[Nei-xiang] No 5" and "A-fu." It is a spring variety of medium late 
maturity, 2-3 days earlier than “A-fu." The stalk is about 110 cm in 
height. The spike is relatively large, rectangular shaped, with long 
beard. The hull is white and the grain is white. The grain test weight 
is about 40 g per 1000 grains. The tillering ability is weak. It has 
resistance to stripe rust, but is easily susceptible to leaf rust and stem 
rust. The stem is rough and hard and resists lodging and dry hot wind. 
It is suitable for cultivation in lands of high fertility and moisture. 
The yield is generally 300-600 catties per mou. 


Areas Suitable for Growing: It is being cultivated in large acreages in 
the central southern part of Honan. 


Feng-ch'an [Feng-chan] No 3 


Major Characteristics and Distinctive Features: It was the product of 
hybridization by the Northwestern College of Agriculture with "Tan-mai 
[Dan-mai] No 1" and "6028." The spike is rectangular shaped. The spike- 
lets are more dense in the upper part. It has long beard, white hull, and 
white grains. The grain test weight is about 38 g per 1000 grains. The 
quality is relatively good. It is a weak winter type of medium maturity 
and tillering ability. The stem is rough and resists lodging. It has 
stripe rust resistance and is mildly susceptible to leaf rust and stem rust. 
It is easily infected by loose smut. It is highly adaptable, resists 
drought, and somewhat tolerates fertilizer. When it is cultivated in irri- 
gated lands of upper to medium fertility, the yield is generally 500-700 
catties per mou. 


Areas Suitable for Growing: It is suitable for the Kuan-chung [area: the 
middle stretch of the Yellow River, South of the Great Wall] of Shensi, 
southern Shensi, Honan, southern part of Hopeh, southern part of Shansi, 
T'ien-shui Prefecture of Kansu, Shantung, and Anhwei, etc. 


Wu-tzu No 83 


Major Characteristics and Distinctive Features: It was introduced from a 
foreign country. The spike is white colored, and spindle shaped. It has 
beard. The grain is red. The grain test weight is 36-42 g per 1000 grains; 
the grain is hard or semi-hard, of good quality. The stem is relatively 
strong, tolerates fertilizer, and has medium drought resistance. It 

resists white powdery mildew and is mildly susceptible to leaf rust and 
stripe rust. It is relatively tolerant of thin soils, but its alkaline 
tolerance is relatively poor. The yield is generally 300-400 catties per 
mou. Its growth and development period is 275-280 days. 
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Areas Suitable for Growing: It is cultivated mainly in the reclamation 
region of Ma-ho, Sinkiang. There is also some cultivation in the Ho-hsi 
[west of the Yellow River] region of Kansu. 


Hung-kou-t'ou [Hong-gou-tou] 


Major Characteristics and Distinctive Features: It was bred out by Sinkiang 
Academy of Agricultural Sciences through hybridization with a local variety 
from Hsin-ho County in southern Sinkiang, "“Je-i-mu-hsia [Re-yi-mu-xia], as 
the female, and a Denmark variety, "Hai-en-hai-te [Hai-en-hai-de]", as the 
male. The spike is spindle shaped. There are numerous grains per spike. 
It has long beard. The hull is red and the grain is white. The grain test 
weight is 36-38 g per 1000 grains. The stalk is 100-110 cm iin height. It 
is relatively resistant to lodging. The tillering ability is strong, and 
its effective spikes are numerous and orderly. It is tight mouthed, re- 
sists cold and drought, and somewhat tolerates fertilizer. The growth and 
development period is 280-285 days. The yield is 400-500 catties per mou, 
generally about 25 percent higher than "Wu-tzu [Wu-zi] 83". 


Areas Suitable for Growing: Propagation and extension of this variety began 
in 1966. Today, it is being extended and cultivated in Ch'ang-chi, Wu-lu- 
mu-ch'i, Hu-t'u-pi, and Ma-na-szu in northern Sinkiang, and areas of 
southern Sinkiang. 


I-k'en [Yi-ken] 6408 


Major Characteristics and Distinctive Features: It was bred by a certain 
unit of the Production and Construction Corp in the Sinkiang Military Region. 
The stalk is about 110 cm in height. The spike is stick shaped, with long 
beard of white color. The grain is red. The grain test weight is 36 g per 
1000 grains. The tillering ability is strong. It tolerates fertilizer and 
resists lodging. It is mildly susceptible to stem rust and is relatively 
loose mouthed. 


Areas Suitable for Growing: I-li [Kazakh Autonomous] Prefecture of Sinkiang. 
Chun-k'en [ Jun-ken] 101 


Major Characteristics and Distinctive Features: It was bred by the Agri- 
cultural Center of the Production and Construction Corp of Sinkiang Military 
Region, from the central spike of the winter wheat, "Wu-mang [Wu-mang] 

No 4." The stalk is 100-110 cm in height. The spike stands straight and 

is stick shaped, and beardless. The hull is white; the grain is red. The 
stem is tough and hard, and resists lodging. It tolerates water and fer- 
tilizer, and has medium cold resistance. The tillering ability is strong, 
with numerous and orderly effective spikes. It is tight mouthed. The 

grain test weight is 42-45 g per 1000 grains. The yield is generally about 
500 catties per mou. In lands of relatively high fertility and large 
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acreage cultivation, the yield may reach above 750-800 catties per mou. 

It tolerates thin soi’ and its drought tolerance is relatively poor. The 
tip of the spike has dry phenomenon. It is of medium quality. The growth 
and development period is 270-275 days. 


Areas Suitable for Growing: Its propagation began in 1969. Currently, it 
is being extended in Ma-ho reclamation area of Sinkiang. 


170 


Major Characteristics and Distinctive Features: It was bred by Sinkiang 
Academy of Agricultural Sciences through hybridization with a selected 
hybrid system of the southern Sinkiang local variety, "Je-i-mu-hsia [Re- 
yi-mu-xia]" and the Denmark variety "“Hai-en-hai-te [Hai-en-hai-de]" as 

the female, crossed with "Ao-te-sa [Ao-de-sa] No 3." The stalk is 110-120 cm 
in height. The spike is spindle shaped, with long beard. The hull is red; 
the grain is white. The grain test weight is 38-40 g per 1000 grains. It 
over*inters very well and is relatively cold tolerant and lodging resistant. 
Its tillering ability is strong and it forms numerous and orderly spikes. 

It is of good quality, and is relatively loose mouthed. The yield may 
generally reach 500-600 catties per mou. 


Areas Suitable for Planting: It has been extended in the various counties 
of Ch'ang-chi [Hui Autonomous] Prefecture of Sinkiang and the Mu-lu-mu-ch'i 
region of Sinkiang as well. 


Hsu-chou [Xu-zhou] No 14 


Major Characteristics and Distinctive Features: It was bred by the Hsu- 
chou Prefectural Institute of Agricultural Sciences in Kiangsu through 
hybridization with "Tsao-yang-mai [Zao-yang-mai]" and "Nan-ta [Nan-da] 
2419."" The stalk is medium in height. The spike is spindle shaped, with 
long beard. The hull is white and the grain is white. There are 25-30 
grains per spike. The grain test weight is about 40 g per i000 grains. 
The stem is relatively soft, but has elasticity and does not lodge easily. 
It resists drought, thin soils, and stripe rust and the No 34 strain of 
stem rust. It is susceptible to leaf rust, but is not resistant to red 
mold. It is loose mouthed; the grains fall easily. It is a semi-winter 
variety of early maturity. 


Areas Suitable for Growing: It may be cultivated in Kiangsu, Anwhei, 
eastern Honan, and southern Shantung. 


Hua-mai [Hua-mai] No 7 


Major Characteristics and Distinctive Features: It was bred by the Central 
China Agricultural Coliege of Hupei through hybridization with "Nan-ta 
[Nan-da] 2419" and "Fen-chih-hsiao-mai [Fen-zhih-xiao-mai]" to produce a 
hybrid to be crossed again with “A-fu." It is a spring variety, with 
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identical maturity time as that of "Nan-ta [Nan-da] 2419." Its tillering 
ability is medium. The stalk is about 110 cm in height. The spike is 
spindle shaped, with long beard. The hull is white; the grain is white. 
It resists stripe rust and leaf rust. It is mildly susceptible to stem 
rust. Its disease resistance is superior to “Nan-ta [Nan-ta] 2419." It 
is suitable for cultivation in lands of medium to superior fertility. The 
yield is generally 300-400 catties per mou, and may be as high as 600 
catties. 





Areas Suitable for Growing: Hupei, Kiangsu, etc. 
Wu-san [Wu-san] No 2? 


Major Characteristics and Distinctive Features: It was systematically bred 
through selective breeding by Wu-san Farm of Hupei Province from "A-fu" 
wheat. It is a semi-winter variety. The leaves are dark green colored; 
the tillering ability is strong; the spike formation rate is high. The 
stalk is 110 cm in height. The stem is tough and strong, relatively 
resistant to lodging. The spike is nearly rectangular shaped, with rela- 
tively dense spikelets, and long beard. The hull is red; the grain is red. 
The grain test weight is about 35 g per 1000 grains. It is easily sus- 
ceptible to red mold and smut. The yield is generally about 350 catties 
per mou, and may reach as high as 800 catties. 


Areas Suitable for Growing: It has already been extended over large 
acreages in Hupei area. 


Itt. Spring Wheat 
Liao-ch'un [Liou-chuvn] No 4 (Liao No 64) 


Major Characteristics and Distinctive Features: It was bred through 
hybridization by Liaoning Provincial Academy of Agricultural Sciences with 
"Ming-ni [Ming-ni] 2761" and “Hua-tung [Hua-dong] 5201." The stalk is 
75-80 cm in height. The spike is spindle shaped, with tight spikelet 
formation, and medium length beard. The hull is red and the grain is red. 
The grain cest weight is 28-30 g per 1000 grains. The volume weight ratio 
is high and the flour rate is also high. The quality is good. The stem is 
relatively strong. It resists stem rust; has medium resistance to leaf 
rust. its susceptibility to other diseases is mild, and its soil adaptabil- 
ity is good. It does not have strict requirements of water and fertilizer. 
The growth and development period is about 78-80 days. The yield is 
generally 250-300 catties per mou, and may reach as high as 500 catties. 


Areas Suitable for Growing: It is cultivated in Heilungkiang Province as 
a early maturing variety. It may also be cultivated in areas of Liaoning, 
Hopei, and Tientsin. 
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Ping-mai [Bing-mai] 302 (K‘en [Ken] 149) 


Major Characteristics and Distinctive Features: It was bred through 
hybridization by the scientific research center of a certain unit of the 
Heilungkiang Production and Construction Corps with "Ho-ch'un [He-chun] 

No 1" and “Anhwei [An-hui] No 9." The stalk is 60-80 cm in height, with 
long beard. The hull is red. The grain test weight is about 40 g per 
1000 grains. The stem is strong and will not lodge. It resists stem rust 
and is mildly susceptible to leaf rust; and is more seriously susceptible 
to damping off and bunt diseases. It is easily infected by loose smut. 
From germination to maturity, it takes about 75 days. It is the earliest 
ripening variety in Heilungkiang, at present. 


Areas Suitable for Growing: It is cultivated mainly as an early maturing 
variety in the eastern part of Heilungkiang. 


Liao-ch'un [Liao-chun] No 5 


Major Characteristics and Distinctive Features: It was bred by Liaoning 
Provincial Academy of Agricultural Sciences through hybridization with 
"Liao-ch'un [Liao-chun] No 1" and "Fu-lang-t'an-na [Fu-lang-tan-na]." The 
young seedlints are deep green in color and stand straight. The stalk is 
85-90 cm in height. The spike is spindle shaped, with long beard. The 
hull is white and the grain red. It is of medium quality. The tillers 
are few. It is tight mouthed and grains do not fall easily. Its drought 
resistance is high. The stem is relatively soft and lodges easily. it 
resists rust. The growth and development period is about 78 days. The 
yield is generally more than 300 catties per mou, about 15 percent higher 
than "“Liao-ch'un [Liao-chun]" No 4. 


Areas Suitable for Growing: It is suitable for cultivation as an early 
ripening variety in areas of Liaoning and Heilungkiang. It may also be 
cultivated in Hopei. 


K'o-feng [Ke-feng] No 1 


Major Characteristics and Distinctive Features: It was bred by the K'o-shan 
Institute of Agricultural Sciences of Heilungkiang Province through 
hybridization with "K'o-tsa [Ke-za] 61-199" and "60-39." The stalk is 

80-90 cm in height. The spikelets are relatively dense, with long beard. 
The hull is white; the grain is red. The grain test weight is about 32 g 
per 1000 grains. It belongs to the type that likes fertilizer and water. 
The tillering ability is medium. The stem is strong and does not lodge 
easily. It resists stem rust, leaf rust, and damping off disease. From 
germination to maturity, it takes about 85 days. The yield is generally 
about 300-350 catties per mou, and may be as high as above 800 catties. 


Areas Suitable for Growing: It is suitable for cultivation under the condi- 
tions of irrigation and high fertilizer application in Sui-hua and Nen- 
chiang Prefectures of Heilungkiang Province. 
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K'o-ch'uan [Ke-quan] 


Major Characteristics and Distinctive Features: It was bred by the K‘'o-shan 
Institute of Agricultural Sciences of Heilungkiang Province through multiple 
crossing with many varieties. The young seedlings are deep green in color. 
The stalk is 80-100 cm in height. The spike is spindle shaped, and the 
spikelets are relatively tightly distributed. The beard is long; the hull 
is white; the grain is red. The grain test weight is about 30 g per 1000 
grains. The stem is strong and elastic. It tolerates fertilizer, dampness, 
and resists drought. If it rains during the maturing stage, the spikes do 
not break easily, and the sprouting spike is extremely rare as well. 
Development during the seedling stage is slow and the tillering ability is 
strong. it resists stem rust and leaf rust, and its susceptibility to damp- 
ing off is mild. The yield is generally 300-400 catties per mou. From 
germination to maturation, it takes 95 days. 


Areas Suitable for Growing: It is suitable for cultivation in the relatively 
high fertile black earth region of Heilungkiang. 


K"'o-chien [Ke-jian] 


Major Characteristics and Distinctive Features: It was bred by the K'o-shan 
Institute of Agricultural Sciences of Heilungkiang through hybridization 
with ("Chung-kuo-ch'ih-li [Zhong-guo-chi-li]" x "Sui-nan-szu [Sui-nan-sij" x 
"Man-kou [Man-gou]"),crossed with “A-fu." The stalk is 80-90 cm in height. 
The growth is prosperous; the spikes are dense; the beard is medium in 
length; the spike is stick shaped. The grain is red. The grain test 

weight is about 40 g per 1000 grains. The leaf area is large; the stem is 
strong and hard and resists lodging. It likes fertilizer and water, and 
does not tolerate thin soils. It resists stem rust and leaf rust; its sus- 
ceptibility to damping off disease is medium. The growth and development 
period is about 95 days. It belongs to the medium late maturing type. The 
yield is 400-500 catties per mou. 


Areas Suitable for Growing: it is suitable for cropping in lands of good 
fertility and moisture in Sui-hua, Nen-chiang, etc. of Heilungkiang. 


Sung-hua-chiang [Song-hua-jiang] No 7 


Major Characteristics and Distinctive Features: It was introduced from a 
foreign country. The stalk is about 100 cm in height. The spike is spindle 
shaped, with beard. The hull is white; the grain is red. The grain test 
weight is 30-32 g per 1000 grains. The stem is strong and does not lodge 
easily. After it is ripe the grains do not fall, and the spikes do not 
shed. it is suitable for machine harvesting. Its soil adaptability is 
strong; and it tolerates dampness. It is mildly susceptible to red mold; 
its susceptibility to root rot and bunt is medium. The growth and develop- 
ment period is 80-82 days. The yield is generally about 200-300 catties per 
mou and is relatively stable. 


Areas Suitable for Growing: It is cultivated mainly in the eastern parts 
of Heilungkiang. 
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Kang [Gang] 108 


Major Characterisvics and Distinctive Features: It was bred through 
hybridization by the center for scientific research of a certain unit of 
the Hailungkiang Production and Construction Corps. The stalk is 90 cm 
in height, with profuse growth, deep green leaves, and orderly form. The 
tip is bearded; the spike is spindle shaped; the hull is white; the den- 
sity of spikelets is medium. The stem is relatively elastic. The high 
yield potential is rather high. Susceptibility to leaf rust is relatively 
severe, with medium susceptibility to leaf blight and glume blight, and 
mild susceptibility to red mold. The growth and development period is 
82-85 days, belonging to the medium early maturing type. The yield is 
about 400 catties per mou. 


Areas Suitable for Growing: It is suitable for cultivation in low piain 
regions of Ho-chiang and Mu-tan-chiang [Prefectures] in Heilungkiang. 


K'o han [Ke-han] No 5 


Major Characteristics and Distinctive Features: It was bred by the K'o-shan 
Institute of Agriculture through hybridization with "K'o-chen [Ke-zhen]" and 
"K'o-hung [Ke-hong]." It is 90-100 cm in height, with long beard, white 
hull, and red grains. The grain test weight is about 37 g per 1000 grains. 
Its drought resistance is good. The seeds become full and solid very fast 
enabling it to escape the damage from leaf blight and rain during the 
maturing stage. It resists stem rust and is only mildly susceptible to 

leaf rust. The strength of the stem is medium. From germination to maturity 
it takes about 90 days. 


Areas Suitable for Growing: It is suitable for cultivation in the plains and 
hills of the western and southern parts of Heilungkiang. 


Ou-jou [Ou-rou] 


Major Characteristics and Distinctive Features: It was introduced from a 
foreign country. It is 90 cm in height. with red colored, spindle or stick 
shaped and bearded spikes. The grain is red colored and oval shaped, with 
relatively shallow ventral furrow and medium hardness. The stem is large 
and strong, resistant to lodging and tolerant of fertilizer. It is immune 
to stripe rust, but easily susceptible to red mold and smut. It does not 
tolerate drought. The grain test weight is 40-50 g per 1000 grains. The 
growth and development period is 113 days. The yield is generally 400-500 
catties per mou. 


Areas Suitable for Growing: It is cultivated throughout the Northwest and 
North China. 
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K"a-shih Pai-p'i [Ka-shi Bai-pi} 


Major Characteristics and Distinctive Features: It was a superior tare 
variety of the K‘o-shih Prefecture of Sinkiang. The center for scientific 
research of a certain unit of the Production and Construction Corps of 
Sinkiang Military Region purified and revitalized it to become the present 
variety. The spike is spindle shaped, with red beard. The huil is red 

and has no pubescence. The grain is white. The grain test weight is 

45-50 g per 1000 grains. It is drought resistant. It tolerates saline and 
alxaline soils, and the grains do not fall. The quality is rather good and 
the flour rate is high. The stem is relatively fine and will easily lodge 
when the fertilizer application is excessive. It is easily susceptible to 
rust and white powdery mildew. The growth and developmen’ period is about 
100 days. The yield is generally 350-500 catties per mou. 


Areas Suitable for Growing: This is one of the major varieties in the spring 
wheat region of Sinkiang. it is 2)- ‘table for cultivation in lands of 
medium fertility and moisture and . ‘2 and damp lands of Ho-hsi [west 
of the Yellow River] in Kansu. 


Ching-hung [Jing-hong] No 1 


Major Characteristics and Distinctive Features: It was originaliy bred by 
the Institute of Crop Breeding and Cultivation, Chinese Academy of Agricui- 
tural Sciences through hybridization with "Ou-jou [Ou-rou]" and “Yin-tu 
\Yin-du] 798." It is about 80 cm in height. The spike is spindle shaped, 
with long beard, red hull, and white grain. The grain test weight is about 
35 g per 1000 grains. The stem is fine and tough, and is lodging resistant. 
It is immune from stripe rust and stem rust, but is easily susceptibie to 
leaf rust. The growth and development period is 85-95 days, belonging to 
the early ripening type. it is suitable for cultivation in irrigated land 
of above medium fertility. It is also suitable for use in interplanting 
and intercropping. Since it is loose mouthed, harvesting must be timely 


Areas Suitable for Growing: North China Region. 
A-yu |[A-yu! No 2 


Mator v-haracteristics and Distinctive Features: It was bred through hybridi- 
zation by the Ningsia Hui Nationality Autonomous Regional Institute of Agri- 
cultural Sciene-s with “A-po [A-bo]" and “Pi-yu-mai [Bi-vu-mai]." it is 

35 cm in height. The spike is spindle shaped, with tip beard. The hull is 
white; the grain is red. The grain test weight is about 37 g ver 1000 
grains. The stem is large and strong with lodging resistance. It likes 
water and tolerates fertilizer. It is stripe rust resistant and mildly 
susceptible to leaf and stem rust diseases. It is of good quality. Matura- 
tion is relatively early creating a favorable condition for another crop 
after the wheat harvest. 


Areas Suitable for Growing: It is being extended in the Huang-ho Irrigation 
Region of the Northwest. It is also cultivated in Hopei and Tientsin. 
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Kan-mai [Gan-mai] No 8 


Major Characteristics and Distinctive Features: It was bred by Lan-chou 
Agricultural Experimental Farm of Kansu Province through hybridization with 
"“Wu-i-mai [Wu-yi-mai]" and “A-po [A-bo!." The spike is rectangular or 
spindle shaped, with tip beard. The hull is white; the grain red. The 
grain test weight is above 40 g per 1000 grains. The height is medium, with 
lodging resistance. It is mildly susceptible to stripe rust disease; some- 
what resistant to yellow stunt; and not resistant to stem rust. It is 
loose mouthed and the grains fall rather easily. The ability of the seeds 
to penetrate the soil is weak; it should not be planted too deeply. It is 
suitable for cultivation under high fertilizer and water condtions. It 
ripens 3-4 days earlier than “A-po.” 


Areas Suitable for Growing: It is suitable for cultivation in the area of 
Ho-hsi [West of the Yellow River] and southern Kansu. Il: is not suitablc 
for extension in regions of severe stem rust damage and atmospheric <ry- 
ness. 


A-po [A-bo] 


Major Characteristics and Distinctive Features: It was introduced from a 
foreign country. The spike is spindle shaped, with tip beard. The hull 

is white; the grain red. The grain test weight is about 40 g per 1000 grains. 
It is of flour quality. The stem is large and resists lodging. It likes 
fertilizer and tolerates water. It is resistant to stripe rust and loose 
smut; but susceptible to leaf rust and stem rust. It is broadly adaptable 

and in Kansu etc. It may be used for both winter and spring cultivation. 


Areas Suitable for Growing: It is cultivated in the Northwest, the North 
China, Szechwan, Tibet, etc. 


Tsang-nung [Zang-nong] No 1 


Major Characteristics and Distinctive Features: It was bred by the Tibetan 
Autonomous Regional institute of Agricultural Sciences through hybridiza- 
tion with "“Nan-ta [Nan-da] 2419" and “Fei-mai [Fei-mai]."” It is about 

100 cm in height, with rectangular spikes, relatively dense spikelets, and 
tip beard. The hull is red; the grain is red. The grain test weight is 
50-54 g per 1000 grains. The tillering ability is medium. The stem is 
relatively hard, with lodging resistance. It is somewhat resistant to 
stripe rust, but is mildly susceptible to leaf rust ané stem rust. With 
respect to the white stem disease (a special wheat d‘sease of the plateau), 
it is only mildly susceptible. Its quality is medium. The yield is 
generally about 400 catties per mou. The growth and development period is 
about 130 days. 


Areas Suitable for Growing: The relatively fertile irrigated lands in the 
vicinity of Lhasa, Tibet. 
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IV. Corn 
Chun-shuang [Jun-shuang] No 1 


Major Characteristics and Distinctive Features: It was bred by the agri- 
culture center of a certain unit of the Production and Construction Corps 
of Sinkiang Military Region through selective breeding from hybrids of 
"“Shuang-chiao 156" [Shuang-jiao] parents. The groupings are ("Shih [Shi] 
1-T" x “Shih 2") x ("Shih 3-T" x "Shih 4-TR"). The parent pairs are the 
sterile line and the restorer line materials. The seed production is 
simple and convenient; there is no need of detasselling. The plant is 
250-260 cm in height, with strong stalk, deep green leaves. The main 

stalk has 16-17 nodes; the ear is located at 70-75 cm. The ear of corn is 
cyisndrical shaped; the weight of a single spike is 250-300 g. The length 
ef ¢ ear is 28-30 cm, with 16-18 rows of seeds which are yellow colored, 
det. sospe. The grain test weight is 32-33 g per 100 grains; the seed pro- 
duction rate is shout 83 percent. The lodging resistance is strong. Its 
susce;: ibility to black mildew is relatively mild. It is highly adaptable 
and tolerates water and fertilizer. It is more drought resistant in the 
early stage. The food quality is somewhat poor. The growth and develop- 
ment period is 130-140 days. The yield in large acreage is ;enerally about 
800 catties per mou which is 5-10 percent higher than Shuang-chia 156. The 
highest yield may reach more than 1000 catties. 


Areas Suitable for Growing: Aside from A-le-t'ai and regions with short 
growing season, all other regions of Sinkiang are suitable. It has also 
been introduced to Inner Mongolia for experimental cultivation. 


Shuang-chiao [Shuang-jiao] 156 


Major Characteristics and Distinctive Features: It was introduced from 

a foreign country. The stalk is large and strong. The plant is 250 cm in 
height; the ear is located at 80-90 cm. The ear of corn is cylindrical 
shaped, with yellow seeds of dent shape. The grain test weight is about 
‘Oo grams per 100 grains. The corn cob is red colored. It is water and 
fertilizer tolerant and lodging resistant. At maturity, the stalk and 
leaves are green, suitable for silage. It is mildly susceptible to black 
mildew. and rather poor as food. The yield is generally 600-700 catties 
per mou and may reach as high as about 1000 catties. The growth and 
development period is 35-140 days. 


Areas Suitable for Crowing: It is suitable for a wide area and is being 
extended throughout Sinkiang. It is also cultivated in the Northwest and 
some provinces of North China. 
Shuang-chiao [Shuang-jiao] 42 


Major Characteristics and Distinctive Features: It was introduced from - 
foreign country. The height is 200 cm; the ear is located at 70-80 cm. 
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The anther is yellow; the silk is light green; the ear of corn is cylindri- 
cal; the cow is red; the seeds are golden yellow of the dent type. The 
grain test weight is 27-28 g per 100 grains. Its water and fertilizer 
tolerance is rather strong and it resists lodging. There is a mild 
susceptibility to black powdery mildew. The yield is generally 500-600 
catties per mou. The growth and development period is about 120 days. 

It is suitable as a previous crop for winter wheat. 


Area Suitable for Growing: It is more frequently cultivated in northern 
Sinkiang and the Pa-yin-ko-lin [sic] Mongol Autonomous Prefecture of 
Sinkiang; there is also some cultivation in Shansi. 


Chi-tan [Ji-dan] No l 


Major Characteristics and Distinctive Features: It was bred by the Kirin 
Provincial Academy of Agricultural Sciences as an early waturing single 
cross variety with “Hua [Hua]-94" and the self-crossing system "Yan, 
[Yang|]." The young seedlings are purple colored. The plant is re:atively 
short and the ear is located at about 80 cm, with nume~~:s double ears. 
The weight of the ear is 140-150 grams; the grain test weight is 28-29 g 
per 100 grains. The cob is white. It is nearly hard grain type, of good 
quality. Dense planting is suitable and its requirements ror soil fertility 
are not strict. The yield is generally 500-600 catties per mou. In the 
eastern parts of Heilungkiang, the growth and development period is about 
118 days. 


Areas Suitable for Growing: It is suitable for the evstern parts of 
Heilungkiang and the northern parts of Kirin, etc. 


Nen-t nm [Nen-dan] No l] 


Major Characteristics and Distinctive Features: It was bred by the Nen- 
chiang Prefectural Institute of Agricultural Sciences of Heilungk ‘ang 
Province as a single cross variety with the two se)*- crossing lines of 
"Wei-erh [Wei-er] “4” and “Ta-huang [Da-buang) 46." The seedlings are 
strong and the adult plants are relatively vigorous and orderly. The leaves 
are deep green, and the double ear rate is »ften above 40 percent. The 
seeds are the interme ‘iate type. It has *«<rong resistance to adversity and 
has no strict requirements of water and fertilizer. The positive and 
reverse groupings are both usable. When seeds are prepa:ed with positive 
crossic-s, the parent pairs may be planted simultaneously. In case of 
rev_rse crossing, the female, “Ta-huang 46" should be planted 7 days 
earlier. In Heilungkiang Province, the growth and devel~pment period is 
about 122 days. The yield is generally 500-600 catties per mov; the highest 
reached 1300 catties once. 


Areas Suitable for Growing: It is suitable for cultivation in the southern 


part of the Nen-chiang Prefecture, and the plains in the Ho-chiang and Mu- 
tan-chiang Prefectures of Heilungkiang Province. 
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Hei-yu [Hei-yu] 79 


Major Characteristics and Distinctive Features: It is a double-crossing 
variety produced by the Institute of Crop Breeding of Heilungkiang Pro- 
vincial Academy of Agricultural Sciences, with the four self-crossing 

lines of ("Pu-yu-niu 11" [Bu-yu-niu] x "Yang [Yang])" x ("Pu-yu [Bu-yu] 100" x 
"115 Hua [Hua]"). The females are all male sterile lines. Of the two males, 
one is a sterile-free line and the other is a restorer line. There is no 
need of detasselling in seed preparation. The young seedlings are rela- 
tively strong. The stalk is tightly formed, 210 cm in height. The ear is 

18 cm in length; the cob is red; the seeds are in 16-18 rows, pale pinkish 
yellow color, intermediate type, and of good quality. It has the advan- 
tages of being relatively early maturing, fast starch filling, strong plant 
growth, lodging resistant, mildly susceptible to diseases, and suitable for 
dense planting. The yield is generally 650-700 catties per mou. In 
Heilungkiang Province, the growth and development period is 115-120 days. 


Areas Suitable for Growing: It is suitable for cultivation in prefectures 
of Mu-tan-chiang, Ho-chiang and Sung-hua-chiang of Heilungkiang Province. 


Fan-ti [Fan-di] 105 (Feng-shou [Feag-shou] 105, Ch'un-tan [Qun-dan] 105) 


Major Characteristics and Distinctive Features: It is a single crossing 
variety produced by the Peking Municipal Shuang-ch'iao Farm and the Insti- 
tute of Genetics of Chinese Academy of Sciences with two self-crossing 
lines of "525" and "Hsi [Xi]-103." The stalk is about 260 cm in height. 
The ear is located at 130 cm. It tolerates flooding and resists lodging, 
large spot blight, and small spot blight. It is susceptible to black 
powdery mildew. The ear of corn is stick shaped; the seeds are yellow 
colored, in semi-dent shape. The grain test weight is 30 g per 100 grains. 
The quality is medium. It is suitable for fertile lands. If it is planted 
in the spring, the growth and development period is 115-120 days. If it is 
planted in the summer, it is 100-105 days. The yield is generally 800-1000 
catties per mou. 


in seed propagation, the female is planted 7-8 days earlier. The empty 
stalk rate of "Hsi-103" is rather high; therefore, reverse crossing is not 
suitable. 


Areas Suitable for Growing: It is cultivated over large acreages in Peking, 
Tientsin, Hopei, Shansi, Shantung, etc. 


Pai-tan [Bai-dan] No 4 


Major Characteristics and Distinctive Features: It is a single crossing 
variety produced by the Institute of Crop Breeding and Cultivation of 

Chinese Academy of Agricultural Sciences with "Egypt-205" and the self- 
crossing line "T'ang-szu-p'ing-t'ou [Tang-si-ping-dou]". The height is about 
260 cm; the ear location is 150 cm; the ear of corn is cylindrical; the 
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length of the ear is about 20 cm. Each ear has 12-14 rows of seeds, of 
wnite color, medium to hard type, and good quality. The grain test weight 
is 35-40 g per 100 grains. The plant is orderly, with hard and strong 
stems and lodging resistant. The double-ear rate is relatively high, 

and the high-yield property is good. At maturation, the stem leaves remain 
green. It resists large spot blight, but not small spot blight. In the 
mountain regions, it is easily susceptible to smut. Tip baldness can occur 
easily if fertilizer is deficient in the late stage. It is suitable for 
land of medium to superior fertility. If it is planted in the spring, the 
growth and development period is about 120 days. The yield is generally 
600-800 catties per mou. If seeds are prepared through positive crossing, 
the male and the female may be planted simultaneously. In reverse crossing, 
the female, “Egypt-205,"" should be planted 5-7 days earlier; or the male 
should be planted after the female has emerged from the soil. 


Areas Suitable for Growing: It is cultivated in Peking and Tientsin 
Municipalities and Hopei, Shansi, Shantung, Honan and Kansu provinces. 


Wu-ting [Wu-ding] No l 


Major Characteristics and Distinctive Features: It is a tip crossed variety 
produced by Northwestern Agricultural College with "Yeh-chi-hung [Ye-ji-hong]" 
and the self-crossing system, "Wu [Wu]-105." The height is medium; the stem 
is large and strong; the leaves are deep green; the ear location is of a 
suitable height. The ear of corn is cylindrical shaped; the cob is red; 

the seeds are orange yellow, semi-dent shape, and of good quality. It 
tolerates drought, thin soil, drizzling rain, and is highly adaptable. It 
resists large spot blight, and viral diseases. In Shensi, the growth and 
development period is about 100 days. It is suitable for summer planting. 

The yield is generally 600-800 catties per mou. 


If planted in the spring for seed corn, "Wu-105" should be planted 12-14 
days earlier; in the summer, 8-10 days earlier. The row ratio should be 
2:1 or 4:2. 


Areas Suitable for Growing: Shensi, Kansu, Shansi, Peking, Hopei, Honan, 
etc. 


Chin-tsa [Jin-za] No 1 (Tachai Yu-mi) 


Major Characteristics and Distinctive Features: It was bred through hybridi- 
zation by Ta-chai Brigade with "Chin-huang-hou [Jin-huang-hou]" as the 

female and "Pen-ti-ta-huang [Ben-di-da-huang]" as the male. The young seed- 
lings are purplish green. The plant growth is vigorous, tall, and strong. 
The height is generally about 260 cm. The ear of corn is large, 26-30 cm in 
length, and cylindrical. The tip of the seed is yellow; the inter-row is 
browish red. The seed is dent shaped, with few wrinkles, or no wrinkle at 
all. The grain test weight is 38-40 g per 100 grains. The seed is the flint 
type, with a production rate of 84 percent. It is broadly adaptable with 
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regard to soil. It resists large spot blight and head smut. It likes 
moisture and fertilizer. The quality is good and the high yield potential 
is great. The yield is generally about 1000 catties per mou, 10-12 percent 
higher than "Chin-huang-hou." In Ta-chai Brigade, the highest yield has 
been over 1400 catties per mou. The growth and development period is 135- 
140 days. 


Areas Suitable for Growing: Shansi, Hopei, etc. 


V. Kaoliang 
Chin-tsa [Jin-za] No 5 


Major Characteristics and Distinctive Features: It is a hybrid produced 
by Feng-yang Institute of Agricultural Sciences of Shansi with the male 
sterile line, "3197A" and "San-ch’ih-san [San-chih-san]. The height is 
170-200 cm; the spikes are small and loose; the seeds are orange yellow in 
color; the grain test weight is about 32 g per 100 grains. The tillering 
ability is weak; the growth is vigorous. It resists lodging, likes ferti- 
lizer and moisture, tolerates drought and alkalinity, and is highly adapt- 
able and suitable for dense planting. The growth and developmental period 
is 120-130 days if it is planted in the spring, 100-110 days if it is 
planted in the summer. The yield is generally 800-1000 catties per mou. 


For growing seeds, the male should be planted in two stages. The first 
stage is at the time of soil hilling for the female. When the first stage 
male is ready for soil hilling, the second stage male is planted. 


Areas Suitable for Growing: This is the hybrid of widest extension at 
present. It is cultivated in regions from North China, the Northeast, the 
Northwest, to the valleys of the Yangtze and Huai-ho. 


Yuan-tsa [Yuan-za] No 10 


Major Characteristics and Distinctive Features: It is a hybrid bred by 

the former institute of Atomic Energy Application of Chinese Academy of 
Agricultural Sciences with the male sterile system "Yuan-hsin [Yuan-xin] 

No 1" and the variety called "Hsin-liang [Xin-liang] No 7." The height is 
about 160 cm. The stalk is large and strong; the spikes are loose and 

small, shaped like a spindle, with black glume and orange red seeds. It 
resists lodging, likes water and fertilizer, and tolerates drought, salinity, 
and alkalinity. The growth and development period is 105-120 days if it is 
planted in the spring, 90-105 days if it is planted in the summer. The 
yield is generally 800-1000 catties per mou. 


To propagate seeds in the spring, the male is planted in two stages. The 
female is soaked for half a day for vernalization before it is planted 
simultaneously with the first stage male. The second stage male is planted 
after the germination of the female. 


Areas Suitahle for Growing: It is similar to "Chin-tsa No 5." 
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Hsin-tsa No 7 


Major Characteristics and Distinctive Features: It is a hybrid prepared 

by the Hsin-hsien Prefectural Institute of Agricultural Sciences of Shansi 
Province with the male sterile line, "3197A" and the variety called “Hsin- 
liang [Xin-liang] No 7." The height is 180-190 cm; the spike is large, 
shaped like a spindle, with black glume and red seeds. The tillering 
ability is strong; the stalk is large and strong. It resists lodging, 
likes moisture and fertilizer, and tolerates drought, flood, and alkalinity. 
The growth and development period is about 130 days if it is planted in the 
spring. The yield is generally 800-900 catties per mou. 


During planting, in the first stage the male is planted 12 days before the 
female. In the second stage the male and the female are planted at the 
same time. 


Areas Suitable for Growing: It is being cultivated in Peking, Tientsin, 
Hopei, Shantung, Honan, Shansi, Sinkiang, etc. 


Hsin-tsa [Xin-za] 52 


Major Characteristics and Distinctive Features: It is a hybrid bred by the 
Hsin-hsien Prefectural Institute of Agricultural Sciences of Shansi Province 
with the male sterile line, "3197A" and the variety called "Hsin-liang 52." 
The height is about 160 cm. The young seedlings are green; the growth 
tendency is medium; the spike is spindle shaped, tight in the center; the 
glume is reddish yellow. The tillering ability is relatively inferior. It 
resists lodging, tolerates drought, flood, salinity and alkalinity, likes 
moisture and fertilizer, and is broadly adaptable. The growth and develop- 
ment period is about 125 days. The yield is generally 800-1000 catties per 
mou. 


To propagate seeds, the female is planted first. Seven days later, the 
first stage male is planted. After another 7 days, the second stage male 
is planted. 


Areas Suitable for Growing: The acreage of cultivation in North China is 
relatively large. 


Hei-tsa [Hei-za] No 31 


Major Characteristics and Distinctive Features: It is an early maturing 
hybrid prepared by the Heilungkiang Provincial Academy of Agricultural 
Sciences with the male sterile system of “Hei-lung [Hei-long] No 21," and 
the variety called "Ha-hui [Ha-hui] 75." The height is generally 280 cm. 
The spike is loose in the middle, with red hull and dark brown seeds. The 
cutin content is medium. The seed is in reversed oval shape. The grain 
test weight is 21-25 g per 1000 grains. It has medium resistance to leaf 
diseases, and a higher resistance to head smut and lodging. The yield is 
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20-34 percent higher than local varieties, generally 700-900 catties per 
mou. The growth and development period is about 125 days. It is suitable 
for high fertilizer and water in a dense planting culture. 


Areas Suitable for Growing: It is cultivated in the central and southern 
regions of Heilungkiang Province. 


VI. Cotton 
Nung-k‘en [Nong-ken] No 5 


Major Characteristics and Distinctive Features: It was produced by the 

Seed Breeding Station of a certain unit of the Production and Construction 
Corps of Sinkiang Military Region through hybridization with "611 Po [Bo]" 
as the female and "Ssu-tzu-mien 5 Ai [Si-zi-mian 5 Ai]" as the male. The 
plant is pyramid shaped, belonging to No 2, 3 branching type. The stem is 
purple colored, the boll is oval, weighing 5.55 g. The fiber length is 
30-31 mm, in a fineness of 6000 m/g, a fiber ratio of 35-36 percent, and a 
seed index of about 10 g. The growth is slow in the early stage and fast 

in the late stage. The growth and development period is about 130-135 days. 
The soil penetration ability of the seed is reletively poor; therefore, it 
should be planted shallow and in suitably large quantities. If the mois- 
ture and fertilizer conditions are not well controlled it can grow wildly 
delaying maturity; therefore, it is necessary to trim the tip suitably 
early and to trim the branches with vigor. Under the condition of medium 
fertility, the yield is generally over 100 catties of ginned cotton per mou. 


Areas Suitable for Growing: It is suitable for cultivation in Northern 
Sinkiang. 


61-72 


Major Characteristics and Distinctive Features: It was bred by the experi- 
mental station of a certain unit of the Production and Construction Corps 
of Sinkiang Military Region through systematic selection from "K'o-tzu 
{[Ke-zi] 15/3." The plant growth is tight; the height is suitably medium, 
belonging to No 2 branching type. The stem is relatively fine, but hard 
and elastic. The boll is round, with mostly four chambers and a thin shell, 
weighing 4.3-5.3 g, a fiber rate of 36.5-37.8 percent, an orderliness of 
90-98 percent, a fiber length of 26.3-27.4 mm, a seed index of 10 g. Boll 
opening is early and uniform; the growth and development period is 116-122 
days. The growth is relatively slow during the seedling stage, and manage- 
ment must be strengthened to promote early development. In the late stage, 
fertilizer and water should be added to prevent early withering. The yield 
is generally 100-130 catties of ginned cotton per mou, and may reach over 
200 catties. 


Areas Suitable for Growing: It is being extended in Northern Sinkiang. 
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Ta-ling-mien [Da-ling-mian] 


Major Charactez:istics and Dist.nctive Features: It was bred out by a 
certain unit of the Production and Construction Corp of Sinkiang Military 
Region from natural hybrids of "108 Ai-fu [Ai-fu]" through selective 
breeding. The plant is the tightly grown type. A single boll weighs 

8-12 g and a single plant produces 10 bolls. The fiber length is 32.4- 
33.2 mm, the fiber ratio is 36-38 percent. The fiber is relatively white. 
It is late maturing, with a growth and development period of 145 days. 

The distance between plants and rows should be 20 x 60 cm. It is not 
suitable for excessively dense planting. 


Areas Suitable for Growing: It is cultivated in both southern and eastern 
Sinkiang. 


K'o-tzu [Ke-zi] 1543 


Major Characteristics and Distinctive Features: It was introduced trom a 
foreign country. The plant is pyramid shaped, tight, belonging to No l, 2 
branching. The fruit branches are short; it is suitable for dense planting 
and mechanized cultivation. The boll weighs 5.5-6 g; the fiber ratio is 
36-37 percent; the fiber length is 26-28 mm, of a fineness of 5600 m/g, and 
a strength of 5.2 g. It cam resist the seedling root rot disease, possesses 
early maturing, high yield properties. The yield is generally 100-150 
catties per mou. The growth and development period is 120-125 days. 


Areas Suitable for Growing: It is suitable for cultivation in the cotton 
region of northern Sinkiang. There is also some cultivation in some farms 
of A-k'o-su, K'u-erh-le of southern Sinkiang and Kansu where cotton is 
planted. 


Chi-han [Ji-han] No 3 


Major Characteristics and Distinctive Features: It is bred through selec- 
tion by the Han-tan Prefectural Institute of Agricultural Sciences of Hopei 
Province. The plant growth is relatively tight. The main stem is large 
and strong. The stems are green. The leaves are relatively large in pale 
green color, and sparsely furred. The boll is oval, with a thin shell. 
Boll opening is easy and uniform. The fiber length is 27-29 mm; the fiber 
ratio is 36-39 percent; the seed index is 9.5-11.0 g. The seed is rather 
small, in grayish brown color. The fiber strength is 3.92 g; the fineness 
is 5763 m/g. The growth is fast during the seedling stage, with high yield, 
and early maturing properties. It ‘oes not wither early. Under high 
fertilizer conditions, attention should be given to prevent excessive 
vegetative growth. The growth and development period is 135 days. The 
yield is generally 100-150 catties per mou. 


Areas Suitable for Growing: The medium and early maturing cotton regions 
of the Yellow River Valley. 
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Tai-tzu-mien [Dai-zi-mian] No 15 


Major Characteristics and Distinctive Features: It was intro.uced from 

a foreign country. The node of the main stem is short. The leaves are 
medium to large, somewhat deep green. The boll is in a pointed oval shape, 
with a relatively thin shell. The fiber raiio is 38-40 percent; the fiber 
length is about 30 mm; the fiber strength is 4.3 g; the fineness is 5713 m/g; 
the seed index is 1l g. It resists drought, tolerates flood, and is broadly 
adaptable. The growth and development period is about 130 days. The yield 
is generally 100-120 catties of ginned cotton per mou. 


Areas Suitable for Growing: It is a variety cultivated extensively in the 
cotton regions of the Yangtzu and Yellow Valleys. 


Hsu-chou [Xy-zhou] 209 


Major Characteristics and Distinctive Features: It was bred through sys- 
tematic selection from “Ssu-tzu-mien 2 Pi [Si-zi-mian 2 Bi]" by the Hsu-chou 
Prefectural Institute of Agricultural Sciences of Kiangsu Province. The 
plant growth is loose; the leaves are fat, large, and deeply green. The 
boll is round with a slightly inted tip, weighing 6-6.8 g. Sixty percent 
of the bolls have five chambers. Boll opening is easy and uniform. The 
fiber length is about 30 mm; the fiber ratio is 36.1 percent; the fiber 
index is 6.1 g; the seed index is 11.7 g; the fiber strength is 4.6 g; the 
fineness is 5500 m/g. The boll formation stage is 7 days earlier than 
Tai-tzu-mien No 15. The seed is large; the germination is fast and orderly. 
{t is suitable for cultivation in upland fields. The disease susceptibility 
during the seedling stage is relatively mild. The growth is fast during the 
seedling stage and the bolls in the middle and lower parts can be easily 
guaranteei. Its shortcoming is the fact that the growth stops relatively 
early. During the flower bud stage, sufficient water and fertilizer must 

be applied to prevent early withering. The growth and development period 

is 128 days. The vield is generally 100-120 catties per mou. 


Areas Suitable for Growing: It is already grown in large acreages in the 
cotton region of the Yellow Valley and some early maturing cotton regions. 


Hsu-chou [Xu-zhou] 1818 


Major Characteristics and Distinctive Features: It was bred by the Hsu-chou 
Prefectural Institute of Agricultural Sciences of Kiangsu Province through 
systematic selection from "“Hsu-chou 209." The plant growth is relatively 
tight. The leaves have relatively deep notches. The boll is round, and 
there is an obvious median furrow at the top of the boll. The boll weighs 
about 5.5 g; the fiber length is 29-31 mm; the fiber strength is 3.43 g; 

the fineness is 6005 m/g; the fiber ratio is 35-41 percent; the fiber index 
is 6.9 @; the seed index is 11.4 g. It germinates early. Seedling diseases 
are tew. The growth is fast during the seedling stage. The boll formation 
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property is strong; there are numerous summer and pre-summer bolls. In 

the late stage, it is susceptible to early withering, however. On drizzling 
days, bolls of the lower parts rot easily. The number of hardened petals is 
high and boll opening appears to be difficult. The number of infertile 
grains is high. The color is relatively inferior. The growth and develop- 
ment period is 130-135 days. The yield is generally 100-120 catties per mou. 


Areas Suitable for Growing: It is cultivated in all the provinces of Shan- 
tung, Hopei, Shansi, Honan, Shensi, Anhwei and Kiangsu. 


Ssu-yang [Si-yang] 64-23 


Major Characteristics and Distinctive Features: It was bred through system- 
atic selection from “Tai-tzu-mian No 15" by the Ssu-yang Stock Seed Farm in 
Kiangsu Province. The plant is tightly formed; the leaves are in medium 
size. The growth of the seedling stage is relatively good and the disease 
resistance is high. The first fruiting branch is located on a low node; 

the boll formation property is high. The weight of a single boll is 5.5 g; 
boll opening is relatively easy. The fiber lenyth is more than 30 mm; the 
fiber ratio is 41 percent. The yield is generally 150 catties of ginned 
cotton per mou, and may reach as high as 200 catties. 


Areas Suitable for Growing: Cotton regions of the Yangtze and Huai-ho 
Valleys. 


Ou~kuang-mien [Ou-guang-~mian } 


Major Characteristics and Distinctive Features: It was introduced from a 
foreign country. The plant is relatively tightly formed and short. The 
stem leaves have very little pubescence, and are smooth to the touch. The 
boll is oval shaped with an sbviously pointed mouth. The weight of the boll 
is 4.7 g; the fiber ratio is 38-40 percent; the fiber is of good quality; 
the color is clean and white. with a silky brilliance. The fiber length is 
29-30 mm; the strength is 3.92 g; the fineness is 5686 m/g. Its aphid 
resistance, drought resistance and flood tolerance are relatively poor. The 
yield is generally 100-150 catties per mou. 


Areas Suitable for Growing: Its extended acreage in Hupei Province is 
relatively large. There is also some large acreage cultivation in the cotton 
region of the Yellow River Valley. 


Ou-mien [Ou-mian] No 6 


Major Characteristics and Distinctive Features: It was bred by the Hupei 
Provincial Academy of Agricultural Sc ences through selective breeding from 
a mutant plant of “Tai-tsu-mien No 15.' It is medium ripening. The stalk 
is medium in height; the leaves are large; the bolls are large; and the 
fiber ratio is high. The stem is large and strong; the nodes of the fruit- 
ing branch are relatively short; the boll formation property is very good. 
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The bolls are large and in oval shape; a single seed boll weighs 6 g. 

The seedling is strong and the growth of the early stage is vigorous. The 
strength of growth is sustained to the late stage. The fiber is clean and 
white; the fiber length is 30 mm; the fiber ratio is 40-42 percent. Due 
to the large size of the leaves, attention should be given to maintain 
ventilation and light penetration. The yield is generally 150-200 catties 
of ginned cotton per mou. 


Areas Suitable for Growing: Cotton region of the Hvpei Plain. 
O-mien [E-mian] No 9 


Major Characteristics and Distinctive Features: It was bred through selec- 
tion by Wu-san Farm in Hupei Province from "Tai-tzu-mien |Dai-zi-mian] 

No 15." The plant is tall and of relatively tight form. The leaves are 
large, with relatively deep notches. The boll is long and pointed; a single 
boll weighs about 5 g including the seeds. The fiber is fine and white; 

the fiber length is 33-34 mm; the fiber ratio is 33-35 percent, belonging 
to the upland long fiber type of cotton. The yield is g-nerally 100-150 
catties of ginned cotton per mou and may reach 200 catties. 


Areas Suitable for Growing: Provinces of Hupei, Honan, etc. 
Tung-t‘ing [Dong-ting] No 1 


Major Characteristics and Distinctive Features: It was bred by sélective 
breeding of “Tai-tzu-mien [Dai-zi-mian] No 15" by the Ta-t‘ung-hu Farm of 
Hunan Province. The plant is relatively tightly formed; the boll is in 
short oval shape, weighing 5 g; the fiber ratic is 38-40 percent; the seed 
index is 10.1 g; the fiber length is 30.7 mm; the fiber strength is 3.9 g; 
the fineness is 5897 m/g. The cold tolerance and drought tolerance are 
relatively high. It is a broadly adaptable, highly adversity resistant 
variety of stable yield, but has no resistance to wilt. In the fall, the 
leaves shed rather early. The growth and development period is 125 days. 
The yield is generally 100-120 catties per mou. 


Areas Suitrole for Growing: It is frequently cultivated in Szechwan and 
Hunan. 


Chun-hai |[Jun-hai] No 1 


Major Characteristics and Distinctive Features: It is a variety of sea- 
island cotton, bred through selection from natural hybrids of "9122-I" of 
the seed breeding experimental farm of a certain unit of the Production 

and Construction Corps of Sinkiang Military Region. The plant is strong, 

in cylindrical shape, with relatively short internodes, belonging to the 
zero type fruit branching. The boll is round and long and pointed; 4 single 
boll weighs about 3 g. The fiber is milky white; the fiber length is 40- 
40.5 mm; the fiber strength is 4.44 g; the fiber ratio is 31 percent; the 
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seeds have grayish green short pubescence; the seed index is 12.5-13.0 g. 
Under the condition of medium fertility, the yield is 80-100 catties of 
ginned cotton per mou. The growth and development period is 150-155 days. 
At present, segregation phenomenon still exists in individual cases. Fur- 
ther purification is needed. 


Areas Suitable for Growing: It is suitable for cultivation in southern and 
eastern Sinkiang. 


Ch’ang-jung [Chang-rong] 605 


Major Characteristics and Distinctive Features: It is a variety of sea- 
island cotton bred by the Shanghai Municipal Academy of Agricultural 
Sciences from “Ch'ang-jung No 3." The plant is loosely formed; the fiber 
length is 37.2 mm; the fiber ratio is 29.7 percent; the fiber strength is 
4.71 g; the fineness if 7805 m/g. The fiber is pale brown, with good 
luster. The yield is generally 60-70 catties per mou and may reach a high 
of over 100 catties. 


Areas Suitable for Growing: Cotton regions of the Yangtze Valley. 


VIL. Soybeans 
Ho-chiao [He-jiao] No 6 


Major Characteristics and Distinctive Features: It is a hybrid of "T'u-chia- 
tzu (Tu-jia-zi]" and "Man-ts'ang-chin [Man-cang-jin] by the Ho-chiang 
Institute of Agricultural S:iences, Heilungkiang Province. The plant is 
about 80 cm in height, with limitless pod formation property, white flower, 
and grayish white pubescence. The base pod is high (12-15 cm); the branches 
are numerous; the main stem is large and strong; the overall shape is tight. 
The seed is almost round, vellow in color, and has luster. The navel is 
pale brown. The grain test weight is 20-22 g per 100 grains. The crude 

fat content is 22.5 percent. It has the property or flood tolerance, and 
its yiel!’ is relatively stable in low and damp areas or in years of frequent 
rainfall. Disease and pest damage to the seeds is mild. From germination 
to maturity, the period is 120-125 days. The yield is about 250 catties per 
mou. 





Areas Suitable for Growing: It is cultivated primarily in the eastern and 
the central parts of Heilungkiang Province. 


Tung-nung [Dong-nong] No 4 


Major Characteristics and Distinctive Features: It is a hybrid of "Man- 
ts'ang-chin [Man-cang-jin]" and "Tzu-hua [Zi-hua] No 4," bred by the 
Northeastern Agricultural College. The flower is white, with gray pubescence 
and the property of sub-limited pod formation. The main stem is well 
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developed; and the branches are few in number. The seed is deep yellow, 
oval in shape, lusterous and has an extremely pale brown navel. The 
grain test weight is about 20 g per 100 grains. The oil content is 21 
percent. The quality is superior. It is suitable for dense planting and 
likes fertilizer and water. The growth and developmental period is about 
125 days. The yield is generally 250-280 catties per mou. 


Areas Suitable for Growing: It is primarily cultivated in the eastern part 
and in the low, flat, and fertile lands of the central part of Heilungkiang 
Province. 


Hei-ho [Hei-he] No 3 


Major Characteristics and Distinctive Features: It is a hvbrid of "K*o-chiao 
|Ke-jiao] 4203-1" and "Szu-li-chia [Si-li-jia]." The height is 60-70 cn. 

The leaves are shaped like drooping needles, the pubescence is grayish white 
in color; the flower is purple. The stalk is strong; the branches are few 
in number. Most pods have 3-4 seeds, which are almost oval shape, with a 
yellow navel and luster. The grain test weight is 17-20 g per 100 grains. 
Leaf diseases are mild and soil fertility requirements are not strict. The 
growth and developmental period is about 110-115 days. The yield is 
generally 150-200 catties per mou. 


Areas Suitable for Growing: It is cultivate” sainly in the short frost- 
free areas of northern and western Heilung’%iang Province; or is used as an 
early ripening variety for comparison crspping in the eastern and central 
parts. 


Feng-shou [Feng-shou] No 12 


Major Characteristics and Distinctive Features: It is a hybrid of "Feng- 
shou [Feng-shou] No 4" and "K'o-chiao [Ke-jiao] 56-10," bred by the K'o-shan 
Institute of Agricultural Sciences of Heilung*iang Province. The flowers 
are white; the pubescence is gray; the leaf is round and large; the pod 
formation property is limitless. The seed is large, round, lusterous and 
of superior quality. The grain test weight is about 22 g. The stem is 
strong; there are very few curves in the upper part of the main stem and 

it does not lodge easily. The branches are tightly together; the inter- 
nodes are relatively short; the pods are numerous and three-seed pods amount 
to 40-60 percent. It likes fertilizer and has high yield properties. The 
yield is generally 250-350 catties per mou and may reach over 500 catties. 
The growth and developmental period is about 120 days. 


Areas Suitable for Growing: It is suitable for lands with relatively better 
fertility and moisture conditions in Heilungkiang Province. In the north, 
attention should be given to early planting. 


295 

















Hei-nung [Hei-nong] No lil 


Major Characteristics and Distinctive Features: The Heilungkiang Provincial 
Academy of Agricultural Sciences used “Tung-nung [Dong-nong] No 4" as the 
female, to be fertilized by mixed pollen from “Ching-shan-po [Jing-shan-bo],” 
"“Tzu-hua [Zi-hua] No 4,” and “Tung-nung [Dong-nong] No 10" in order to 
produce hybrid offserings for selective breeding to create this variety. 

The plant is 70-80 cm in height, with 3-4 branches. The main stem is well 
developed, and the plant is tightly formed. The leaves are of a drooping 
needle shape; the pod formation is limitless. The internodes are short, an’ 
pods are densely distributed. The flower is white; the seeds are oval. The 
grain test weight is 18-20 g¢ per 100 grains. The stalk is strong and does 
not lodge. It likes dampness and tolerates fertilizer. The yield is 
generally 250-280 catties per mou. The growth and developmental period is 
3-4 days shorter than “Tung-nung No 4,” at about 122 days. 


Areas Suitable for Growing: It is suitable for cultivation in the icw and 
damp lands of Heilungkiang Province. 


Hei-nung [Hei-nong] No 10 


Major Characteristics and Distinctive Features: It is a hybrid of “Tung- 
nung [Dong-nong] No 4" and "Ching-shan-po [Jing-shan-bo]," bred by the 
Heilungkiang Provincial Academy of Agricultural Sciences. The height is 
80-90 cm; the branches are few in number; the main stem is well developed; 
the plant is tightly formed; the internodes are short; the pod formation 
is limitless. The leaves are of a aroopin; needle shape; the flower is 
white; the seed is oval; the seed coat is yellow with luster. The grain 
test weight is about 20 g; the quality is fair. The stem is strong and 
resists lodging; the base pod is located in a high position and it is suit- 
able for machine harvesting. The growth and /ievelopmental period is 125- 
128 days. The yield is 300-350 catties )er sou and may reach as high as 
460 catt ‘es. 


Areas Suitable for Growing: It is suitable for cultivation in lands of 
relatively high fertility in the southern part of Heilungkiang Province. 


Ho [He] 6-16 


Major Characteristics and Distim tive Features: It was bred through selec- 
tion from "Ho-chiao [He-jiao] No 6." The shape of the plant and the pod 
formation are basically similar to “Ho-chiao No 6," but the base pod is 
located high and machine harvesting is suitable. When husking is done by 

a machine, there are fewer broken seeds compared with “Ho-chiao No 6," and 
the yield is about 10 percent higher than the latter as well. 


Areas Suitable for Growing: Same as “Ho-chiao No 6." 
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Ch'un-hsien [Qun-xian] No 1 (Fan-hsiu Tou) [Fan-xiu Dou] 


Major Characteristics and Distinctive Features: It was bred through selec- 
tion by the scientific experiment team of the Fifth Productira Team of 
Chang-lao Brigade, Wu-la-chieh Commune, Yung-chi County, Kirin Province. 
The height is 90-120 cm; the branches are numerous (5-7); the internodes 
are short; the leaves are pointed; the flower is white; the pods are dense; 
four-seed pods amount to 60-70 percent [of the total]. The grain test 
weight is 22-23 g per 100 grains. The oil content is about 21 percent. 

The rate of pest damage is low; the seeds are fairly lusterous. It likes 
fertilizer and water. The stalk is strong and resists lodging. The growth 
and developmental period is 137-140 days. The yield is generally about 300 
catties per mou and gay reach as high as 500 catties. 


Areas Suitable for Growing: It is suitable for cultivation in the fertile 
lands along the streams and rivers of Kirin and Liaoning where the frost- 
free period is relatively long. It has also been extended to areas in 
Hopei and Tientsin. 





O-tou [E-dou] No l 


Major Characteristics and Dinstinctive Features: The Olericulture Institute 
of the Chinese Academy of Agricultural Sciences used “Hou-tzu-mao [Hou-zi- 
mao}" as the female and “Ta-pai-ko [%s-bai-ke]" as the male to produce this 
hybrid. The plant is 60 cm ‘n height. The stem is medium in size and 
stands straight. The growth is not very vigorous; the branches are about 

3} in number; the internodes are relatively dense; the pod formation is 
limited. The flower is white; the pod is pale brown; the pubescence is 
grayish white. A single plant has 60 pods; the number of empty pods is 

few. The seed is golden yellow in color and oval in shape. The navel is 
pale brown colored. The grain test weight is about 15 g per 100 grains. 

The oil content rate is 19 percent. it has mild purple spots. The growth 
and developmental period is about 125 days. It is used mostly as a summer 
soybean crop after wheat. The yield is generally about 300 catties per mou. 


Areas Suitable for Growing: It may be planted in either the spring or the 
summer in the plains of Hupei. 


Vill. Sugar Beets 
T’'ien-yen [Tien-yon] No 4 


Major Characteristics and Distinctive Features: It was bred through hybridi- 
zation and selection by Hu-lan Institute of Sugar Beets of Heilungkiang 
Province. The parent-pairs are ("AJI" X "“CLR") X "“GW-49." The leaves are 
fat and large, shaped like spades, with a raised semi-globe area on the sur- 
face and numerous wrinkles. The leaf-stem is relatively wide. The plant 
stands like a sianted bush. The root is in @ cone shape, and densely meaty. 
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In the late stage of its growth and development, it is fairly resistant 
to brown spot disease. It is a high yield and high sugar content variety. 


Areas Suitable for Growing: The sugar beet producing regions of Sui-hua, 
A-ch'eng, Ning-an, ana Chao-tung of Heilungkiang Province. 


T'ien-yen [Tian-yan] No 5 


Major Characteristics and Distinctive Features: It was bred by Hu-lan Insti- 
tute of Sugar Beets of Heilungkiang Province through hybridization and selec- 
tion with the same parent pairs as those of “Tien-yen [Tian-yan] No 4." T 2 
leaves are fat and large; spade shaped, with many wrinkles. The leaf stem 
is wide; the plant is bushy; the growth is vigorous. The root is long cone 
shaped, with a dense meaty structure. It is highly resistant to brown spot 
disease; it is also root rot resistant. It belongs to the standard to fairly 
high sugar content type, with a redium root yield. 


Areas Suitable for Growing: It is suitable for cultivation in the low and 
damp regions of Heilungkiang where the root rot disease easily occurs. 


La-meng [La-meng] 632 (p632) 


Major Characteristics and Distinctive Features: It was introducec from a 
foreign country. The young seedlings penetrate the soil very fast and grow 
orderly and vigorously. The leaves are many and shaped like tongues. It 
has a definite resistance to white powdery mildew.  =t likes water and 
tolerates fertiiizer. The root formation is fast; the yield is high; the 
‘ugar content ir medium. It belongs to the standard to fairly high yield 
type. The growth atd developmental period is about 160 days. 


Areas Suitable for “rowing: It is suitable for cultivation in the various 
sugar beet prot<c’ng regions in northern Sinkiang. 


Wei [Wei] 020 (BO20) 


Major Characteristics and Distinctive Features: It was introduced from a 
foreign country. Germination is relatively orderly; the growth is highly 
vigorous; enclosure occurs early; the leaves are bushy. The roots are mostly 
spindle shaped and orderly. It likes water and tolerates fertilizer. The 
yield and the sugar content rate are both relatively high. It belongs to 

the standar¢e to fairly high yield type. The growth and developmental period 
is about 160 days. 


Areas Suitable for Growing: It is suitable for cultivation in the various 
sugar beet producing regions of northern Sinkiang. 


298 




















{ _ 68 


*e210d Ac, poe eTppre 

















. JO S®AB2T UO SeUTT (T¥€ 
pez pes J1aoys ue0es8 ystao{ {a4 ‘ paeadn per use 8 {t2n] t2m) 
yet tdand a23 0 ysttdind) = puw ney )=— SuyiueTS ‘eptA pus 3204s - etdand ysttdand = aed sot (74) "A 
3882 
etdand 
qiyA 
@2T4A - Ao[Teh aaj @PTA pus 31048 sno yaqgo etdand etisand§ usezB = 66S [19m] TOR 
*248}e130 
etdand Buyaos8 tepys {esi0p enoyzaqgo usei8 
etdaind ae; ated ae} uo sus, eTdand ‘apza 30" atdind etdand deep cst [tm] TK 
*S2ARBA peretAr 
pues e8ae, ‘paeadn Suz ueai18 {tv] tv 
uee18 ered - AOTTeA wnt} pew -pue3ixe ‘Suc, pues A0110y enozaqgo qua sseqnd etdand deep 79 (19m) Ten 
‘@prs Tesi0cp 
Uo seutT etdand ‘oe 18ue atdand = ueaa8 
u9e0e13 oted ~ eae tdind enolsenu esiey t yeeT 21048 *OPTaA e2TyA etdand ated yota 7€ [39m] som 
*S@TAUTAA savy 
SsAveT 3[Npe fuse jed 
snolieuno GABA BUY JEST 4YIITI uae18 
DITYA YBTAOTTOA ATAeATIPTeA AOTTe4 «= sno1eanU {pe3syna Sy jseeT YIINE|Z - - et dand daap 9Z (T°m) 19m 
*A{381j Buypueqxe ‘Buoy 
8} 2JINpe jo seavey, ‘ pedeys 
o - - -  YJeao Bucy sy Jeet 3835); PUL - - uael3 - Cz (59m) T?m 
*@2UjINS [es10p UOC 3889 @ {dand pe. 
atdand eted snoiswnu - wnztpew erdand snoyaqgo yIzTA ‘3104s ated atdaind ysti{dand = =§6uee28 OZ [T?9m] 19m 
* 21048 
~ - - a10Y48 AT@ATIVTOI ALTNpe jo jee] - Kava etdind = §=uee18 6 [94] tem 
sauenenes UeT{Tod jo Weyjue WoysTAtTa yeet jo jee, jO Up¥iew jest Yiveys-jes, ~~ i10ToD waieks 
uu Aatjauem) = =j30 AoToD STISfASeIOVAeYD pus edeys UTeA UTeE jo s0T°C) yO 107109 jee) Suyzt {333193 
[@38TTFIeTd 10) jO 20109 ~J1®S 30 owen 
oT ewe; ALTE JO AOTOD Tesse] 


96 UOMO) UT UI0D JO SpeeIg BUTzZT1}3195-JT9S 








Shape of the 


No. of rows 





ear of corn of seeds Color of seed Shape of Seed Color of cob 
short cone 16-18 yellow dent red 
round cylin- 16-18 yellow dent pink 
drical 
- - yellow semi-denc - 
long cone 14-16 yellow dent pale pink 
| long cylin- 14 tip dent purplish 
'der yellow, red 
; side 
| red 
cylindrical 16 yellow semi-dent purple 
round cylin- 10-12 deep dent purple 
der yellow 
short cone - pale dent white 
yellow 
round cone 12-14 pale medium red 
yellow 





130 days in Tu-tan-chiang 


120 days in Shih-chia-chuang; 130 days in 
T'ai-yuan; 115 days in Wu-kung 


130 days in Chang-chie-k' ou 


115 days in Wu-kung, 120 days in Chang- 
chia-k'ou, 125 days in Ch'ac-yang of 


Liaoning 


101 days in Lin-fen. 


125 days in Tu-tan-chieng; 103 days in Ww- 
kung; 95 days in Lin-fen; 120 days in 


Chang-chia-k'‘ou. 


105 days in Wu-kung. 100 days in Chang- 
chia-k'ou, 95 days in Lin-fen. 


110 days in Peking and Wu-kung, 125 days 


in Chang-chia-k ‘ou 


Other Properties 





lodging reeistant; sensi- 
tive to drought; highly 
adaptable to companica 
cropping. 


lodging resistant, . 
easily susceptible to 
large spot disease. 


not flood resistant; 
seedlings do not 
eurvive easily. 


drought resistant ; 
flood tolerant; this 
soil tolerant. 


lodging resistant, sus- 
ceptible to spot diseases; 
not drought tolerant. 


wany double-ears, 
reletively disease 
resiatant. 


long leaf bude, polies 
ecettered before tassel 

is completely extended, 
eupty husks occur easily 

im the lower part. A 
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Shape of the 


No. of rows 


Length of growth and devel 











ear of corn of seeds Color of seed Shape of seed Color of cob 
- 14-16 tip yellow, dent pale red 
orange on 
the sides 
- 12-14 yellow shallow dent - 
short 
cylinder - light yellow shallow dent purple 
thin not pale yellow - purplish 
cylinder orderly red 
round 14-16 yellow dent purplish 
cylinder red 
round 16-18 tip yellow dent pale 
cylinder purplish red 
cylindrical 12-14 yellow dent purplish red 
cylindrical 16-20 yellow de t red 
large 16 yellow dent purple 
cylinder 


302 | 


115 days in Wu-kung. 


125 days in Chie-mu-seu, 110 days in 
Chang-chia-k'ou, 115 days in Ch‘eo- 
yang of Liaoning. 


115 days in T'ai-yuan, 120 days in 
Chang-chie-k'ou. 

115 days in Chia-su-szu. 

130 days in Tu-tan-chiang. 


125 days in T’si-yuan, 120 days in 
Chang-chiae-k'ou, 1:5 days in Lin-fen. 





fine, strong & tough 
stalk, short inter- 
node at base, drought 
tolerant, lodging 
resistant. 


having sultiple 
ear property. 


many double-ears, 

relatively disease 
resistant, highly 

companionable. 


resistant to black 
powdery sildev. 


ear of corn has suall 
leaves & a long sten. 


longer leaf buds, 
traces of silk remain 
on tip of seeds 

efter harvest. 


likes water tolerates 
fertilizer, resitts 
lodging, susceptible 
to spot disease. 
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Shape vf the 


eat of Irn 


Long cone 


cylindrical 


long 
cylinder 


short 
cylinder 


round 
cylinder 


cyliudeiteal 


pillar 
shape 


round 
cylinder 


le i) cone 


4 


16 


14 


deep yellow 


light yellow 


yellow 


yellow 


yellow 


light yellow 


deep yellow 


yellow 


yel low 


sepmi-dent 


dent 


dent 


shallow dent 


shallow dent 


deat 


dent 


dé nec 


, ha Vl 


red 


pink 


red 


purp! ish red 


light red 


light purple 


red 


ws 


aner* 


— ka. ' gf 


125 days tr 


an’ developme tal perio 


Chang~chie-k*ou, 120 daye 1 


Ch'ao-yang of Liaoning. 


110 days in 


130 days in 


130 da: in 
130 days in 


130 days in 


Lin-fen. 


Chang-chia-k' ou 


Cheng chiae-k'ou, 
Ch'ao~yang of Lieoning. 


Shih-chia-chuarg and 


Cheng-chia-k‘ou, 135 days in 


T'ai~yuan. 


1w day: in 
T’ai-~yuan. 


120 days in 
125 daye in 


135 di ys in 
135 caye in 


Hopei, 135 days in 


Chang ~« hia-k‘'ou, 
Ch'ao~yang of Liaoning. 


T’al-yuan end Chace-chia-k’ o 
Ch'ao-yang of Lieonting 


Other Prop rises 
lodging resistent, 
relatively discase 
resistant 


Bot resistant to 
large spot disezse. 


large etalk, low 
positio. spikes, 
disease and lodging 
resistant, highly 
coupenionable. 


lodging resistant. 


stenen often en- 
veloped by leaf, 
lodging resistant, 
disease resistant, 

@ high yield variety 
of nature. 


layer of emal! glume 
at base of ear of core 


large, hard, and 
Straight standing 
stem, well developed 
aerial roots. 


@isease resietant, 
lodging resistan. 


lodging realetant, 
rele(ively restetant 
to large Spot 
isease, highly 
eompantfonabl< 
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y st 
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long 
eyliader 10-12 
cylindrical 18 
cylindrical L416 
cylindstcal 14 


ehore cone - 


vellow 


whice 


yellow 
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125 daye in Shih-chte-chuang, 
140 days in T'at-yuer, 170 daye in 
Wo-hun p 


120 days in T'ai-yua., 130 deye ir 
Chang~-chia-'ou, 130 daye in Ch'ao- 
yang of Lieontng. 


1W deve in Tue ten-chiang. 


135 dave in Tuetan- chiang, 125 days in 
Cheng-chta-k*ou, 120 daye in T'at~yuan, 
114 days in Lin-fen. 


125 days in Chang-chte-k'ou. 


.* 


125 daye in Cheng-chia-k ou. 


- — -- 


pure lisa red cod 
when oreducedé in 
some placer 


relatively disease 
resisteri. 


likee fertilizer ead 
water, relatively sue- 
ceptible to black 
powdery alivew, highly 
compantonable. 


Lodging reefetent, 
highly eusceptible tc 
diseases, untiaely 
bloceing time can 
easily occur in case 
of drought and high 
temperature. 
Relatively highty 
surceptible to emut 
Lodging reat «tant, 
@ieecase resirctant, 
drought resietant, sot 
flood resictert, easily 
stunted by low teapers 
ture in ear ly stege. 
Relatively diecase 
resietant. 


dineare resictent, 
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a en : i o c Colter of cop __ewach of ,cowth and developmentael ported Other Properties 
ali ‘ le ‘ight ourel 0 ds in Chang-chtie-k* ow releciveiy ciserse 
ceciztent, Long 
ea, #.én, 
cviine ica! i f ; on '< ourp\« 100 dava 4% Lin- "en . 
‘ound 
Cy ssnger Vet yellow dene ifghc ced 120 dsya in T'si-yuan, 100 daye ia Conny reletively diecose 
chia-k‘ou, 120 deye in Gi'so- yang of reelotact. 
Liacatng. 
jong ic yellow dene purple Lii days if Lie-fen likes weter tolerates 
cylinder fertilizer, not 
drovght or floed 
recistant 
Long cone - yellos dent 126 days in Cheng-chie~ ‘ox disease resistant 
eylindrteal 16 oranee yellow dent red 130 daeye io T’at-yuan, 150 days in disess* restetent 
Chang-chie-k'ouw, 13 deye in Ch‘ao lodging cesie ler 
yeng of Lisoning drought resistant 
eylind, teal L4 orange yellow den re. 1°53 days in T'ai-yunn; 125 daye in dierarr resietant 
Ch'ao~-yeng of Liaontrg lodging reeletent, 


@roveht resietent 


anorct eo 14 o me yellow dent wh tt« iZvv ye in Shih-chia-chuane i” da, har’ and etrong eters 
in T’alt-y and Chang ~-chia-k ‘ov lodging resiets 
130 days in Ch'ao-yang of Liaoning. large spc dteee 


veetetert, hi hls 
COMpenic: able 


Long cone : orange yellow flint - 120 days in Yen-t'ai nd Chang reletively @teeare 
chie~k* ou re tar) 
° ° yellow dont - 125 daye in Chang-chie-k' ou relatively dieces: 
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Shape of the 
ear of corn 


iong 
cylinder 


long 
eyliader 


long cone 


short pillar 


round cone 


long 
cyllader 


round cone 


No. of 





eeein 


SS ee ee 


L4-16 


16 


14-16 


16-16 


rowe 


Color of seed 


yellow 


orange yellow 


hight yellow 


yellow 


yellow 


yellow 


orange yellow 


orange yellow 


orange red 


“hape of seec 


Coler of cob 








eeat 


eeni~-cenot 


eent 


deat 


dent 


flint 


flint 


nearly flint 


dent 





white 


white 


white 


white 


white 


reddish 
purple 


purplish red 


310 


120 days ia T'ai-yues, 120 days is 
Ch eo-yang of Lisoning. 


135 days in Tu-tan-chiang, 120 days in 
Chang-chie-k' ou. 


135 days in Tu-ten-chieng. 

125 days in T'ai-yuan and Chang-chiae-k'ou, 
125 days in Ch'seo-yeng of Liaoning. 

130 days in Chang-chie-k'ou. 


130 days ia Tu-tan-chiang. 


128 daye in Tu-tan-chiang; 115 deys tn 
Chang-chia-k'ou and T'ai-yuan, 
115 daye in Ch'so-yang of Liaoning. 


140 days in Shih-chie-chuang, 130 days 
in Wu-kung, 135 daye in T'at~yuan. 


110 days in Peking and Chang-chia-k'ou, 
120 days in Shih-chia-chuang, 115 days 
in Ch'ac-yang of Lisoniag. 








relatively édisesse 
resistent. 


lodging resietaent, 
disesse resietent, 


highly compantoneble. 


many doubdle-ears. 


disease resistant. 


relatively disease 
resistaast. 


high rate of 
double-eare. 


leag ear sten, good 
quality, disease 


resistant. 


relatively fine estes, 
lodging resistant, 
fleed tolerant, 
drought tolerant. 


week resistance to 
black powlery sii- 
dew, highly 
compantonable. 
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Cale ai 
main vein 





Coler of Coler of 
Color _leaf-sheath leaf sargia of leat 

purple purple ° 
with se 
pubescenc 

green 

green 

Light 

purple 

purple 

pink 

reddish 

purpl 


deep 
een 
ion 
een 

green 
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Shape of the we, 
ear of cory _Of seede 


route, cone 


short one 
long round 


large long 
cone 


fine and long 


cylindrical 





cf cowe 


12-14 


10-12 


Sei ec of aeec 


lis yellow 


yellow 


white 


white 


white 


white 


fiine 


near dent 


shallow dent 


flint 


flint 





white 


white 


white 


white 


x1? 


_ anges of growth and developeencea!l period 


,15 daye to Peking. 120 daye in Thih-chie- 
chueng, 125 days in T'al-yuen. 170 deye in 
Ch ee yang of Lie« mong. 


i110 daye in Bun-chieng and Tu-tan-chtang, 
90 daye in Chang-chie-k'ou. 


Shih-cnia-chuang. 


Shih-chie-chueng 


130 days in Shih-chiae-chuang 


125 dayr in Shih-chie-chuang 


120 days in Shih-chie-chuang. 


120 daye in Shib-chie-chuang. 


Shih-chta-chuang. 


Other Properiies 


polsen cbviowsly re- 
éuced if temperature 
ie high ¢uring bleemine 
time, fercilieetion 
will be afiected, high 
yield by saetere, highly 
companionable, weak 
restetence toe bleck 
powdery a! idew. 


wees restetence to 
black powdery etldew. 


disease resistant, 
highly companionable. 


disease resistant, 
high raie of douwble- 
ears, highly coe- 
pantonable. 


strong disecase 
resistence, highly 
coupentonabdle. 


relatively fine sten; 
relatively disease 
resistant, highly 
co@pentoneble. 


flood resistant, poor 
cleease resistance. 


high dowble-ear rate, 
poor droveht 
resistance. 

. 
soll; wtrating 
ability of seedling 
relatively week. 











use18 348tT 


uee18 deep 


use38 ay8tT 


use18 243tT 


ent 


*nT4 





@5u856010[}U} GeT{oOd jo 19y4juUe 
[ae TT FIeTd 20) 
@Tvae; AITS JO AOTC) 





cre 











*qu8ye236 pues pe. ves — 
o - 6ej 3e{j ‘eeavey 303 ‘e8a07 - - get {dand - t 4 
mo [Ted *eno108Ta st uaei8 + (4s) 
- I43TT €T-oT yanoss ‘Axen 018 SeAare] ~ - uaei8 4lep 4s 
pe. *ATTeI{UozyI0y BSuypues pes uee18 € (t4s]} 
enoisenu = ys t[dand ZI-OT “xe ‘ao1ieu pus Buc] - - yest Tdand daap ut4us 
3682 * pavadn 
etdaind 2en1yu2 seavet ‘ ueTd 
qItA uee73 pemszoz Ay2yBzy2 *Aaanod uee18 z (rus) 
- qeznoT{Tes ZI-OT pue e8ie, jeeT Paral - - - deep 4b4us 
ue0918 tT (F4s) 
enoieenu ysp,AoTTes STt-9T SeAveT| epra e810) - - - uee18 ut4us 
*pele338°08 pus uaai8 "el 
- - sno. eenu 38{3 ‘aoas00 pus Buc] sno zyAQgo uae18 etdaind deep (seL) Fe. 
*Suydoosp cet 
sno.isenu AoTTes snoisenu *pequyod ‘seavey Suc] . ueei8 uee18 uae 8 {FeL) Fe,L 
*‘eBuje e287 UT 
S@ABeT UC seus, ‘YyIA018 
o ~ - Buy [pees puno’ AoTS - - - - 77-9 
BoTsTAtgd gvet 30 jee] jo UySive jee; ~~ yaveys-jee] a0To) wa28As 
A3y 3UeNdH jo 20T°9 S22} 3eFAe30"1eq> pus edeys UyJeA UTES jo solToo yo s10T°) yer] BSuyzy {+3283 
ze A0TOD -J1®S JO oweN 


Tesee, 








Shape of the 


ear of cora 


round 
cyilnder 


long cone 


long cone 


cylindrical 


long 
cylinder 


round cone 


round cone 


No. of rowe 


_. of seeda 


oo ee ee we 


16 


not orderly 


16 


14-16 








yellow 


orange yellow 


deep yellow 


yellow 


tip yellow 


orange yellow 


light yellow 


Color of seed 


Shape of seed — 


dent 


dent 


dent 


dent 


dent 


sewi-flint 


sewi-dent 


Color of cob 





Length of growth and develovs 








- 


Ligh: purple 


purple 


red 


red 





110 daye in Chang-chia-k' ow 


T'at-yuen 


130 daye in T'ai~yuan. 


120 days in Shih-ho-tze of Sinkiang. 


115 daye in Shih-ho-tze of Sinkiang. 


110 daye in Shih-ho-tze of Sinkiang. 


125 daye in Shih-ho-tze of Sinkieng. 


120 deye in Feng-ch'eng and Chang-chie- 
k' ou. 





riod Other Properties 


dieesee reeletert, 
silk wery fine, 
rather difficult to 
remove the silk. 


highiy evsceptitie te 
large spot disease, 
biocewing sey sot be 
timely if dry and bigh 
temperature occurs 
during blooming stage, 
few polien. 


lodging res‘etant 


drought resistant, 


lodging recistant, 
bighly brittle 


drought resistant, 
lodging resistant. 


drought resistan:, 
highly lodging 
resistant, susceptible 
tc »>rown epot end 
white slit diseases. 


disease resistant. 
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Shape of the No. of rows 














ear of corn of seeds Color of seed Shape of seed Color of cob Length of growth and devel Other Properties 
long cone - Orange red flint white 125 days in Shih-chia-chuang, 130 days in disease resistant, 
Chang-chia-k ‘ou. lodging i esistant, 
good qualiry, 
highly adaptable. 
long cone 16 yellow dent red 135 days in T'ai-yuan, 135 days in disease resistant, 
Ch ' ao~-yang lodging resistant. 
long cone 12 light yellow semi-flint red 130 days in T‘ai-yuan, - 


135 days in Ch'ao-yang of Liaoning. 


round essily susceptible to 
cylinder 10-12 yellowish dent white 100 days in Peking, epot disease, polli- 
white 110 days in Chang-chia-k'ou mation uniform, atten- 


tion should be given 
to adjusting the 


blooming time. 
round cone 14 light yellow flint white 96 days in T'ai-yuan and Lin-fen, relatively highly 
115 days in Wu-kung, 112 days in drought resistant. 
Ch'ao-yang of Lisoning. 
cylindrical 14 yellow dent purplieh red 114 days in Lin-fen. drought resistant, 


flood resistant, 
easily susceptible to 
black powdery sildew. 


round 


cylinder 16-18 white dent white 120 daye in Peking and Wu-kung, resistant to large 
125 days in Shih-chie-chuang, spot, susceptible to 
135 days in Ch'ao-yang of Liaoning. emall spot and black 
powdery mildew, fond 
of fertilizer & water, 
weak soil penetration. 
‘ 
long cylinder 12 orange red dent purple 110 days in Peking, 125 days in Shih- resistant to large & 
chia-chuang and Chang-chia-k'ou, 120 days small spot diseasés, 
in Ch'aco-yang of Liaoning. many empty stalks, 


mot suitable as the 
female, few pollen, 


neceseary to plant . 
etaeges. 
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Shape of the 


No. of rove 





Color of seod 





ear of corn ss of seeds 
short cone 14 
round cone 12-14 
cylindrical 14 
short, 14-16 
round cone 

cylindrical 10-12 
cylindrical 18 
round 18-20 
cylinder 

short cone 12-14 


light yellow 


orange yellow 


yellow 


orange yellow 


white 
purplish 


yellow 


yellow 


orange red 


Length of growth end developmental period 


Gsher_ Properties 








_Shape of seed Color of cob 

seai-dent white 

nearly fline white 

dent purple or 
light red 

flinc white 

flint e 

dent purplish red 

dent purplish red 

flint white 


318 





120 days in Wu-tung and Lin-fen. 


110 days in Peking and T'ei-yuan, 
120 days in Wu-kung and Chang-chie-k'ou. 


105 days in Lin-fen, 120 days in Shih- 
chia-chuang, 125 days in Chang-chia-k'ou 


100 days in Peking, 105 days in T‘ai~yuan, 
115 days in Chang~chia-k'ou. 


95 days in Peking. 


112 days in Lin-fen 
102 daye in Peking, 95 daye in Shih-chia- 


chuang, 115 days in Chang-chie-k' ou. 


115 days in Chia-mu-ezu and 
Chang-chia-k'ou 





lodging, flood, and 
black powdery eildew 
resistant. 


flood tolerant, 
disease resistant. 


vigorous grovth, weak 
disease resistance. 


high rate of 
double-ears. 


tip of grain slartly 
pointed, with deep 
tip furrow. 


easily susceptible to 
spot diseases, not 
suitable for sumeer 
planting, highly com- 
penionable, few pollen, 
pollination assist- 
ance necessary. 


relatively severely 

susceptible to black 
powdery mildew and 

leaf diseases. 
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Shape of the 
gar of corn 


——— ee eee ee 


round cone 


long and 
round cone 


round 
piller 


long 
round cone 


round pillar 


fine 
and long 


round cone 


round pillar 


ot seeds _ 


No. of rove 


12-14 


16 


16 


14 


Color of sead 


yellov 


light yellow 


yellow 


yellow 


orange yellow 


yellow 


yellow 


yellow 


Shaye of seed 


= <> ee 


aeal—dent 


fline 


dent 


flint 


dent 


flint 


senl-—dent 


medium 


Color of cob 


Leneth cf growth and developaentel period 





red 


white 


purplish red 


white 


purplish red 





120 deys in Chang-chie-k'ou. 
120 days in Chie-au-sescu. 


115 days in Chie-au-eru. 


130 days in Tu-ten-chiaag 


130 days in Tu-ten-chiang. 


135 days in Tu-tan-chieng. 


130 daye in Tu-tan-chiaeng, 110 days io 
Ch'so-yang of Liaoning. 


125 daye in Shih-chie-chuang, 130 days 
in T'ai~yuan and Chang-chie-k'ou, 135 
days in Ch'ao-yang of Liaoning, 


130 days in Tu-tan-chiang. 


Other Properties 


short leaf bud, with 
eomell glume, long ear 
estes, lodging resis- 
tent, severely sue- 
ceptible to smut. 


stemen droops down- 
ward, lodging resis- 
tant, black powdery 
mildew resistant. 


bald tip, small ker- 
nels, lodging resist- 
end, smut resistant, 
highly companionable, 
severely susceptible 
to large epot disease. 


lodging resistant, 
disease resistant. 


relatively lodging 
resistant, highly 
adaptable, slightly 
susceptible to black 
powlery mildew. 


resistant to large spot 
susceptible to small 
spot, lodging resistant 
food of fertilizer and 
water, highly companion 
able, poor drought 
resistance, 

Melatively severely 
susceptible to blact 
powdery sildew. 
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Shape of the No. of rows 


n r Co f and developments) period Other Properties _ 
round pillar 14-16 orange red flint white 125 daye in Tu-tan-chiang - 
round pillar 12-16 yellow dent red 130 days in Tu-ten-chiang. fast growth during 


seedling stage, 
disease cesistant, 
highly companionable. 


round cone 12-14 orange red flint white 100 days in Peking, disease resistant, 


90 daye in Shih-chia-chuang, flood resistant 
110 days in Chang-chia-k'ou, 
110 days in Wo-kung. 

fine and long - white flint white 100 days in Peking. - 

conical - waxy white flint white 115 days in Peking and Wo-kung, teletively fine stes, 
120 days in Shih-chie-chuang, high dowble-ear rate, 
125 days in T'si-yuan. drought resistance, 








Nonreproductive Breeds [Sterile Lines} of Kaoliang in Common Use 


ably shallow planting; 
relatively high sugar 


to lodging, eviteble 
for dense planting; 
eoft bud-sheath, 
short root etes, poor 
soil penetration 

for intensive land 
preperation and evit- 
content in eten, 


ability; necessary 


@ighly edvereity 


120-130 days in Wo-kung, resietant, resietent 


Period 
120 days in Peking, 


130 days in Ch'so~-yang 


ef Lisoning. 


Growth & Developmente) 





Color of 
1 
Bleck White 


Type of Color 
Tight 
spike 






of Ple 


estes, purplish 


color at the bese of the 
doreal setde of the Jrd leaf. 


color at the 


rich green leaves, 
and 


relatively iarge 
f the leaf, trane- 
fe leaf-veins, 


queentity of wax on dorsal side 


cow ww 


stem, short node, juicy, 


relatively large wave pattern on 
the base 


with tillers, 
leaf esargin, 


18-21 Coarse 


Weight of Mo. of 


Sterile Line Stalk (cm) leaves Shape of Leave 
90-100 





JAG7A 


severely susceptible 


to aphid damage. 


sf 
Spezia 2 
4253 233 
sSe28962e5 
3 oe ES 
2Eistoige 
iiiaiiiait 


105-125 days in We-kumg; relatively etrong 
125 days in Ch‘ seo-yang 


105-120 days in Peking; 
of Liacoing. 


Or ange 
red 


leaf -veins, 


with wax substance, coarse and 


color; light yellow 


18-21 Opposite leaves in deep green 


Pen-ti [Fan- 100-130 
4i) Me ia 
(Yuan-hbein 


{Yueo-xin) 
Mo 1 A) 


good quality, highly 


Strong soil pene- 
trating ability, 
vigorous grovth, 
companionable. 


105 days in 
Ch’ ao~-yang of Lisoning. 


120 daye in Tu-ten- 
chiang, 


Tight Red 
epike 


Green colored seedlings, 
reddish bud-sheath, tightly 
forwed plant 


16 


115-140 


Bet-lung 
[Hei-loag) 


LL A 


323) 








Hei~Lung 140 
{Wei-long) 14A 


Hei-lung 155 
{Het-long) 21a 


Heiung 5 
(Xiong) CHA 


Hei-ci-ai-lo 85-90 
([Xi-di-at- 
luo} A 
Te'o (Cuc] 100-120 
1A 


P' ing-ehen- 139 


pai A [Ping- 
shen-bai A 

404A 60 
354-3-2A 130 
6168 


cso: 4067 


21 


16 


17 


Yellowish green seedlings, 
relatively short iaternode 
on epike seten. 


Seedlings ere purplish red 
at first turn to green later; 
wide and long leaves, 1-2 
effective tillers in case of 
highly fextile soil. 


Cylin- 
drical 


Cylina- 
drical 


Cylin- 
drical 


Cylin- 
drical 


Cylin- 
drical 


Cylin- 
drical 
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borwn 


Yellowieh 135 days in Tu-ts 
chiang. 


120 days in Chie-ae-eru 


100-105 daye in CGh‘ao- 
yang of Lisoning 


115 days in Ch’ so-yang 
of Lisoning 


115-120 days in Ch'ao- 
yang of Lisoning. 


125 days in Ch'so-yang 
of Lisouing. 


110 days in Ch'aeo-yang 
of Lisoning. 


135 days in Gi‘so-yang 
of Lisoning. 


Mo inflorescence 
degeneration 
phenomence, dif- 
ferent sizes of 
kernels for epikes 
with or without stes, 
highly companionable, 
easy recovery. 


Relatively large 
kernele, reletively 
severe inflorescence 
degeneration, little 
vitreous substance, 
strong soil penetrat- 
ing ebility in young 
sprouts, so infertile 
infloresceace 
phenomenon, relatively 
highiy companionable. 


Relatively high 
disease resistence, 
relatively poor 
érought resistence. 


Highly disease 
resistant. 


Poor disease 
resistance. 


Highly drought 


resistant. 


Relatively high 
drought resistance 

















CHAPTER 6: CROP ROTATION AND INTEKPLANTING, INTERCROPPING 


Significance of Crop Rotation and Arrangement of Crops Being Rotated 


During the iong period of praciice in agricultural production, the working 
people of China created extremely rich experiences in crop rotation. As 
early as the Northern Wei Dynasty, a summation of experience, such as “grain 
field must be alicred every year,” was included in the ancient agricultural 
book CH'I-MING YAO-SHU [IMPORTANT TECHNIQUES POR RULING THE PEOPLE]. How- 
ever, under the old feudal land system of the past, the laboring farmers 
were not able to practice a constant crop rotation system on leased land. 
The socialist system unprecedentedly liberated productivity to clear the 
way for the correct implementation of crop rotation, full and reasonable 
utilization of land, steadfast realization of the policy of “with grain as 
the key link and, insure all around development,” and planned and propor- 
tional development of socialist agricultural production. 


I. Significance of Crop Rotation 


Judging from the cultivation of agricultural crops, the significance of 
practicing crop rotation is: 


(1) The various agricultural crops have different requirements for the 
various nutrients in the soil. Their abilities to utilize nutrients of 
different soil depths and to utilize the nutrients in different forms (in 
easily soluble form, not readily soluble form) are also different. For 
example, wheat, sugar beets, and flax can only utilize easily soluble 
phosphorus compounds, but rape and buckwheat can utilize hard-to-dissolve 
phosphorus. Generally speaking, most herbaceous cereal crops have shallowly 
distributed roots while the root system of such crops as cotton and soybean 
is relatively deeply distributed. For these reasons, if different crops 
are planted in the same piece of land in accordance with a planned rotation 
system the hutrients and moisture of the soil can be better utilized and 
balanced. 


The practice of rotating paddy and dryland crops in saline and alkaline 
regions provides a plan of leaching the saline contents of the soil with 
fresh water and a periodical exchange of aerobic and anaerobic environ- 
ment of the soil. This is beneficial for the humusification and 
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mineralization of the soil organic matter and at the same tim~ -an also 
obviously raisc the exchange rate of saline radicals in the soil to improve 
the physical-chemical properties of the soil. Hence, the yield of the 
paddy and the dryland crops may both be obviously higher. 


Through crop cotation, a plan may be established to plant leguminous crops 
to supplement nitrogen nutrients of the soil with the nitrogen fixing ac- 
tion of the root tuber bacteria so as to increase soil fertility. If green 
fertilizer crops are also suitably arranged, the organic matter of the soil 
may also be increased so as to improve the soil structure. 


(2) Different crops have different abilities to withstand or resist 
weeds. Generally, densely planted crops (such as wheat) and crops with 
shady stems and leaves (such as sweet potato) have relatively greater 
ability to control the growth of seeds, while crops that grow slowly in 
the early stages (such as millet) are often damaged by weeds. Rowc: 5s 
are not bothered by weeds as long as the weeding operation is performed 
timely, but some crops have symbiotic weeds that are difficult *o eliminate, 
such as dodders in the bean fields, Setaria viridis in the millet fields, 
and Panicum crus Galli L. in the rice paddies. Through crop rotation, row 
crops are alternated with densely planted crops thus weed infestation in 
the fields may be effectively reduced. 


(3) Many pathogenic germs and pests that damage agricultural crops have 
particular hosts and a given life span. Through periodicaily alternated 
cultivation of different crops, some of these pathogens and pests will die 
in great quantities when they cannot find suitable hosts. For example, 
cotton wilt disease, wheat rust disease, and paddy rice borers can all be 
lessened through crop rotation. 


(4) The practice of a crop rotation system can provide a more even and 
reasonable utilization of manpower and equipment to facilitate an increase 
in labor productivity and guarantee a stable production of fodder, so as 
to promote a close unity between agriculture and animal husbandry and the 
development of diversified operations. 


Il. Selection of Crop Varieties and Determination of Planting Ratio 


When a crop rotation system is being arranged, the selection of crops 
and the ratio of each of the crops is the most basic problem, requiring 
the overall consideration of the following four aspects: 


1. The Production Management Policy and the Production Tasks 
Regulated by the State 


State-operated farms are agricultural enterprises owned by the state in 


socialist countries. All of their production arrangement is based upon 
the needs of the state and subject to the state's unified planning. 
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Hence, the types and ratio of crops planted must be determined first of all 
in accordance with the production management policy and production tasks 
set by the state. Aside from guaranteeing the completion of production 
tasks, the need for diversified operations should also be considered. As 
far as a single farm is cc \sidered, the crop production should meet the 
commercial needs of the state on the one hand and take care of the needs 
for self-sufficiency of the farm itself on the other. Within a single 
farm, the selection of crops should not be overly simplified, therefore, 
and at the same time, there should also be serious considerations of a 
coordinated proportional relationship among the various types of crops 
(such as cereal crops, economic crops, and feed crops), so as to facilitate 
an overall arrangement of economic livelihood, promote a unity between agri- 
culture and animal husbandry, develop diversified enterprises and at the 
same time reduce the effects of natural calamities and guarantee a stable 
income for the farm. The types of crops must not be too complex, however, 
in order to prevent confusion between the major and the secondary, which 
would be unfavorable to the satisfactory completion of the major produc- 
tion tasks required by the state. 


2. Objective Natural Conditions 


(1) The major factor in the regional limitation of growth of agricul- 
tural crops is the length and temperature requirement of the growth season. 
In selecting the types of crops, the selected crops must be suitable for 
the local growth season and temperature condition. for example, for plant- 
ing double-crop rice, a monthly mean temperature of above 10°C for 7-8 
months is generally required, while during the entire period the daily mean 
temperature must never be lower than 20°C. In or¢e*r to plant cotton, there 
should at least be a frostiree period of 130 days and the mean temperature 
in July should not be lower than 25°C. In order to plant winter wheat, the 
overwintering condition of the locality should be analyzed. In addition, 
when selecting crops for saline and alkaline regions, the saline resistance 
of the crops should also be considered; in the coastal regions, the problem 
of avoiding typhoon damage, etc. should also be taken into consideration. 


(2) The quantity and periods of precipitation of the locality should 
be unders_ood as well as the irrigation and drainage conditions before 
selecting the crops based upon the moisture requirement of the various 
growth stages of these crops. For example, if precipitation is not evenly 
distributed and irrigation and drainage conditions are deficient, studies 
must be conducted on ways of avoiding the threat of seasonal drought or 
flood through the selection of types or varieties of crops. 


(3) Agricultural crops should also be selected in accordance with 
the soil characteristics of the locality. For example, loose and sandy 
soils are suitable for growing peanuts and potatoes but not suitable for 
planting rice. In saline and alkaline soils, saline resistant crops 
should be selected. In soils with little organic matter and very low fer- 
tility, a definite amount of green fertilizer crops must be arranged. 
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On hills and sloping land, the problem of water and soil conservation 
should also be considered. 


3. Combining Land Utilization and Land Improvement 


In agricultural management, the state-operated farms should, first of all, 
utilize the land fully and correctly to raise the productivity of the land 
continuously. The increase in output for the current year must be combined 
with the long term, stable increase in output. When selecting the types 

of agricultural crops and arranging the ratio among the various crops, a4 
clese unity between land utilization and land improvement must be realized. 
Aside from planting suitable fodder crops to promote the development of 
animal husbandry and increasing the level of fertilizer application with 
the collection of stable manure, legume crops, green fertilizer crops, or 
legume fodder crops should also be suitably arranged according to the cor- 
ditions of the locality. 


4. Favorable Farm Management and Production Organization Work 


Regarding planting time, there are spring planted crops, summer planted 
crops, and fall and winter planted crops; in harvesting time, there is also 
the distinction between summer harvested and fall harvested crops. With 
respect to the cultivation method, there are row crops, densely planted 
crops, paddy crops, and dryland crops. The degree of mechanization of field 
management also often varies a great deal due to th: different characteris- 
tics of the crops. For example, trimming cotton branches, harvesting 
tobacco leaves remain manual work at present, while the wheat crop is al- 
most entirely taken care of by machines; therefore, in selecting types of 
agricultural crops and determining the ratio among the various crops, the 
work periods of the year should, as much as possible, be evenly divided 

and the labor intensive crops and light work crops should be reasonably 
coordinated. In regions requiring irrigation periods of water requirement 
for the various crops should, as much as possible, be stzggered aud the 
requirements of a given crop should not be excessive so that manpower, 
mechanical equipment, and water and soil resources may be evenly and fully 
utilized to create the condition for intensive cultivation in order to 
guarantee an all-around bumper harvest for all the crops. 


In places relatively distant from residential areas, crops requiring little 
labor and not much transportation should generally be selected. Tuber crops, 
potato crops, and green fodder crops with high yields and great transporta- 
tion demands should be arranged in nearby areas. Besides, in selecting 
crops, utilization of agricultural subsidiary products should also be taken 
into consideration so as to combine agriculture with animal husbandry and 
develop diversified operations. 
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Technical Principles of Crop Rotation Design 


After the types of agricultural crops to be planted and the planting ratio 
are determined, the central content of the crop rotation design is the 
cropping arrangement. The purpose of the cropping arrangement is to reach 

a most harmonious relationship between crops and the cultivation environment 
and between individual crops and the entire rotation system so as to fully 
develop the role of increasing yields in crop rotation. 


I. Concerning Continuous Cropping and Crop Rotation 


Due to the fact that the root system distribution, the manner of absorbing 
soil nutrients, and the possibility of disease and pest damages are identi- 
cal in one type of crop, continuous cropping should be avoided as much as 
possible, but the various crops react differently to continuous cropping 
therefore, continuous cropping is not, an absolute problen. 


Generally speaking, herbaceous crops (wheat, rice, corn, etc.) are more 
tolerant of continuous cropping while crops of the families of Solanaceae, 
Craciferae, and Umbellifereae (such as carrot) and Liliaceae (such as onion) 
do not tolerate continuous cropping. Different varieties of the same crop 
or even different species of the same crop have differing abilities to 
tolerate successive cropping. Crops may be divided into three categories 
according to their reactions to continuous cropping: 


(1) Crops Intolerant to Continuous Cropping: For example, flax, sugar 
beet, melons (especially watermelons), rape, solanaceous crops aud soybean. 


(2) Crops with Limited Tolerance to Continuous Cropping: For example, 
wheat, corn and peanuts are capable of being continuously cropped for 2-3 
years. 


(3) Crops Tolerant to Continuous Cropping: For example paddy rice, 
sweet potatoes and cotton, yields are generally not greatly affected by 
3-4 years of continuous cropping. 


Il. Concerning the Relationship Between Early and Late Crops 


In arranging crops, the early crop should, as much as possible, be made to 
create a favorable condition for the growth and development of the iate 

crop; on the other hand, the late crop should be such as to be capable of 
replenishing any deficiency of the land caused by the early crop. The major 
crop of the rotation system should be guaranteed the best cropping situation. 


During the long period of practice in production, the masses of farmers in 
China have summarized the special characteristics of the various cropping 
systems and classified them into cold cropping, hot cropping, soft cropping, 
hard cropping, oil cropping, and white cropping systems. This classification 
is used as the major basis for the crop rotation design. 
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1. Cold and Hot Cropping: The cold and hot cropping refers to the 
effect of the physical condition of the soil of the early crop on the sprout- 
ing action of the late crop. The so-called cold cropping generally means 
that the soil becomes chilled which causes the seedlings of the late crop 
not to fully develop. Crops of sweet potato, sugar beet, paddy rice, flax, 
buckwheat, melons, and rape belongto this type. Because they generally have 
large and shady leaves or a late harvest season, the soil is not fully 
sunned during the season of warm temperatures. Following these types of 
crops, a hot cropping crop should be suitably used. 


Hot cropping means that the soil is warm and seething, and favorable for 

the sprouting of the late crop. Crops of wheat, potatoes, millet, cereal 
grains such as rice, tobacco, and hemp belong to this type. They are 
generally summer harvested crops or may be crops requiring multiple inter- 
row cultivation. During their long period of growth or after their harvest 
there is sufficient time to sun the fields. This condition is favorable for 
raising the temperature of the soil to promote the conversion of scil 
nutrients. In the hot cropping field, crops that are fond of waru soils, 
such as peas, green lentils, watermelon, peanuts, and sesame are suitable 

as a late crop. 





2. Hard and Soft Cropping: The hard and soft cropping refers to the 
ease or difficulty in plowing the soil before planting. Hard cropping is 
also called hard slab cropping. The soil is compact and clods can easily 
appear when the soil is plowed; therefore, the land must be intensively 
prepared before the late crop can be planted. Crops of kaoliang, millet, 
cereal grain such as rice, and sunflower belong to this type. 


The soil of a soft crop is loose and easily plowed and raked. Crops be- 
longing to this type are beans, wheat, and potatoes. 


3. Oil Cropping and White Cropping: Oil and white refer to the effect 
of the early crop on soil fertility. The soil of the oil crop is soft and 
has a good plowing property and high fertility. Under the condition of 
modest application of fertilizer, there may still be a relatively good 
harvest of a late crop. Crops of beans, sesame, and hemp belong to the oil 
type while non-legume crops generally belong to the white type. 


Furthermore, in vegetable cultivation, there are also the distinctions of 
pungent, sweet, sour, and bitter crops. The pungent crops are onion, 
scallions, garlic, pepper, etc., mostly vegetables containing glucoside and 
having a pungent flavor. Sweet cropping crops are gourd, pumpkin, cucumber, 
tomato, spinach, and carrot. A sour cropping crop is turnip and bitter 
cropping crops are cabbage, Yunnan turnip and celery. Pungent cropping 

anc sweet cropping crops basically belong to the hot cropping type; sour 

aid bitter cropping crops belong to the cold cropping type. 


The position of various crops in the rotation system and the most suitable 
early crops are as follows: 
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(1) Winter Wheat: In the north the best early crop for winter wheat is 
early ripening bean crops. In the irrigated areas of Shantung, Honan, 
and the southern part of Hopei, many crops with interrow cultivation and 
relatively good fertilizer application, such as corn, kaoliang, potatoes, 
and sesame also maxe good early crops for winter wheat. In some dry 
regions, the best early crop for winter wheat is no crop but allowing the 
fields to lie fallow during the summer. In the southern double-cropping 
regions, winter wheat is often rotated with paddy rice. 


(2) Spring Wheat: The best early crops for spring wheat are bean crops 
and crops with good fertilizer application and interrow cultivation. 


(3) Paddy Rice: Although paddy rice is relatively tolerant of continuous 
cropping, rotated cropping can still improve the yield, especially with a 
paddy and dryland rotation system. It is generally believed that green 
fertilizer, soybean, cotton, wheat, corn, rape and cther crops with inter- 
row cultivation all make good early crops for paddy rice. 


(4) Corn: The requirements of corn for its early crop are not very strict. 
Its best early crops are beans or cereal crops with good fertilizer appli- 
cation. 


(S) Kaoliang: Due to the fact that kaoliang has tall and large stalks, 

a well deveioped root system, and long growth period, it absorbs a large 
quantity of moisture and nutrients; therefore, it is best not to be con- 
tinuously cropped. It is generally believed that the best early crops for 
kaoliang are beans and crops with shallow roots. In the Northeast, North 
China, and the Northwest, kaoliang is mostly planted in bean fields; in 
some alkaline lands that are not suitable for the growth of soybeans, other 
white beans that are tolerant to alkaline are often used to rotate with 
kaoliang. 


(6) Millet: It absorbs a relatively large quantity of fertility and its 
symbiotic weeds are numerous; therefore, continuous cropping is not suit- 
able. It is generally more suitably rotated with dicotyledonous crops and 
it is best to have beans as its early crop. 


(7) Soybeans: Shun continuous cropping, otherwise, diseases and pests 
will be numerous, the plants will be short and small, and the yield will 
be reduced. Generally, in the same plot, the interval between one soybean 
crop and the next should be more than two years. It is the best to plant 
soybeans in a wheat stubble that has been plowed in the fall. The millet 
field is the second best, followed by kaoliang and corn fields, and the 
rape, sunflower, and flax fields are the worst. The soybean field, on the 
other hand, is suitable for planting all kinds of crops. This is due to 
the fact that soybean is a crop with interrow cultivation and it is also 

a leguminous crop. Soybeans, therefore, should not be planted after a crop 
of leguminous fodder grass. Moreover, a leguminous crop field should not 
be used to grow leguminous fodder grass. 
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(8) Peanuts: Peanut should not be cropped continuously for more than 
three years. It is the best to rotate it with cereal crops. 


(9) Cotton: Within the limit of a certain number of years, cotton can 

be continuously cropped. In the Northwest, it is the best to plant cotton 
in perennial medicago field after plowing. In the southern regions of 
paddy and dryland rotated fields, paddy rice is also a good early crop for 
cotton. In North China, soybeans and corn make better early crops. Green 
fertilizer and summer-planted leguminous crops also make good early crops 
for cotton. 


(10) Flax: Continuous cropping of flax can easily cause incidences of 

root rot and rust diseases. On the same plot of land, it is best to have 
intervals of more than 6 years because the pathogens of flax root rot 

disease are able to hide in the soil for as long as 6-7 years. The best 
early crops for flax are soybeans and corn, with wheat the second best. 

In the Northwest naked oats are usually used as the early crop. Flax absorbs 
relatively little fertilizer and it matures relatively early; ther-cfore, it 
makes a good early crop for other crops. 


(11) Hemp: If the soil is fertile and the fertilizer supply is ample, 
hemp can be continuously cropped within a short period of time, but if 
successive cropping continues for a long time, pest damage (corn borers, 
and flax leaf beetles) will be severe. Flax makes a good early crop for 
other crops. 


(12) Jute: Jute should not be continuously cropped, otherwise root rot, 
anthracnose, and damping-off diseases will become severe. The best early 
crop for jute is sweet clover; lima bean and barley are second best; wheat 
is the worst. Rotating jute with paddy rice and cotton can also produce 
good effects and the quality and yield of the jute will be good. 


(13) Potatoes: Continuous cropping of potatoes must be avoided otherwise 
diseases and pests will be numerous and serious yield reduction will result. 
Potatoes must not be rotated with other crops of the Solanaceae family be- 
cause they all share a large number of identical diseases and pests. Rota- 
tion of potatoes with herbaceous cereal crops is suitable. Generally, in 
the same plot of land, it is best that the interval between potato crops 

be more than four years. 


(14) Sugar Beet: It should not be cropped continuously otherwise the 
yield as well as the sugar content will obviously be lowered. Generally, 
there should be an interval of 4-5 years between every crop of sugar beets, 
so as to prevent incidences of brown spot, root rot, and nematode diseases. 
The best early crops are spring wheat and corn. Other root tuber or stem 
tuber crops which absorb a great deal of potassium fertilizer are not suit- 
able as an early crop for sugar beets. 
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(15) Rape: Rape should not be continuously cropped or cropped after 

other crops of the Cruciferae family, otherwise diseases and pests will 

be numerous. A sufficient period of time to level and work the field 

after the early crop harvest is required to guarantee the soil quality for 
the rape crop. In the North, the early crop for rape is mostly wheat; in 
the South, winter rape has mostly intermediate or, late rice or sugar cane 
as its early crop and every other year it is rotated with wheat, lima beans, 
garden peas, and green manure. 


(16) Clover: This is a perennial plant. Im crop rotation systems, its 
characteristic of continous growth for 3-4 years is often utilized to be- 
come a good early crop for all kinds of crops, but due to the fact that it 
is a legume itself, it usually cannot be used as either the early crop or 
the late crop for other leguminous crops. Clover does not make strict 
demands of its early crop but good quality land preparation must be guaran- 
teed. Due to the fact that clover seeds are very small, they should not be 
planted deeply. In the seedling stage, drought and weed damage can be 
severe; therefore, the seediings should be protected by rows of other crops. 
It is generally believed that wheat or spring rape provide the best protec- 
tion for clover. 


Ill. Concerning the Utilization of Growing Seasons 


In crop cultivation, an exhaustive utilization of the growing season can 
effectively raise the fruits of agricultural production. In crop rotation 
design, attention must, therefore, be given to utilizing the growing season 
fully. 


The territory of China is vast and the growing season of the various regions 
varies from long to short. In regions where repeated cropping is possible, 
a proper crop repeating index should, in accordance with the spirit of com- 
bining full utilization of land with affirmative actions for adding 
nutrients to the land, be seriously studied and determined through an over- 
all analysis of the local production conditions, including the soil fertility, 
manpower, and equipment, as well as such meteorological factors as drought 
and flood, so that good cropping systems may be arranged in order to in- 
crease the quantity of the total harvest. In regions of a single crop per 
year, a short green manure crop may also be considered following the harvest 
of some early ripening crops to improve the fertility of the land in order 
to obtain a still higher yield. 


iV. Creation of Conditions for Fully Carrying Through the "Eight-Point 
Charter for Agriculture" 


When crop rotation systems are being designed, correct implementation of 
such technical measures as cultivation, fertilizer application, irrigation 
and drainage, and plant protection must be taken into consideration in all 
their aspects. For example, within a single rotation cycle, ways of alter- 
nating deep plowing and shallow plowing, types of crops that are given heavy 
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basic fertilizer application, ways to guarantee a suitable planting time 
for all the crops, as well as their timely management and harvest, ways 
of practicing rotated irrigation among the various crops, and ways of 
preventing diseases, pests, and weeds from spreading are all important 
problems to be given comprehensive studies in the cropping designing. 


Arrangement and Division of Crop Rotation Areas 


Within a single farm, due to the division of labor and the difference in 
terrain and soil quality, the various production teams may have many types 
of crop rotation systems; several different types of a crop rotation system 
may even exist within a single production team (including field crop rota- 
tion, fodder rotation, and vegetable rotation). These different types of 
rotation systems are designed to perform different tasks and have different 
characteristics. These factors should be taken into consideration when 
rotation systems for various tracts of land are arranged. For example, in 
grain farms and economic crop farms, the field rotation systems should be 
such that the fulfillment of the state's major production tasks is guaran- 
teed; to achieve this objective, adjacent tracts with a level terrain and 
relatively better soil condition should be assigned. For fodder rotation, 
as much as possible, tracts near the animal farm should be used so as to 
facilitate timely supply of feed. Rotated vegetable crops are more suit- 
able in areas close to the residences of the workers and officials, as well 
as areas close to transportation and water sources in order to facilitate 
concentrated management and transportation. 


A crop rotation tract is composed of several crop rotation plots. Aside 
from determining the number of plots according to the crop rotation design, 
the planning of the crop rotation plots also involves the following prob- 
lems: 


I. Area and Equiponderance of Small Sections 


The area of the small sections, or the size of the plots, is certainly 
determined by the size of the entire crop rotation tract, that is to say, 
determined by the production task, but the size of the fields and the level 
of mechanization are also relevant factors. Generally speaking, with a 
high level mechanization, the area of the fields for the crop rotation sec- 
tion should be suitably larger. If plowing is mainly done with animal power 
supplemented with manual labor, the area of the fields should be smaller. 


Practice has proved that the shorter the operating distance of the machine, 
then the greater the ratio between turns and empty runs and the lower the 
efficiency rate of the machine. Based upon actual measurements, the rela- 
tionship between the length of the field and the utilization coefficient of 
the machine operation (i.e. the percentage of effective operating distance 
after deducting the empty-runs) is as follows: 


334 

















2) a wv a 2 
































Ve 3)e «© |Sn.ces Skexes Da & 
" 7) Ba a & 
: ‘pe * beers LOWER LEA 
ioe 12% 2 a * & 
er a Ie SL dd Le 
209 0.70 | 0.68 | 0.7% | 0.71 | 0.73 | om | — | — 
300 | 0.76 | 0.75 | 0.80 | 0.76 | 0.78 | O81 | ¢ 0.87 
450 | o.x2! 0.92 | 0.85 | 0.78 | 0.83 | 0.86 | | 0.89 
50 | 0.86 | 0.85 | 0.90 | 0.81 | 0.87 | 0.87 | 0.92 | 0.91 
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Key: 

1. length of field (m) 

2. type of work 

3. plowing 

4. planting and interrow cultivation 

5. harrowing the field and removing stubble. 

6. harvesting 

7. method of work 

8. tandam plowing 

9. wedge-shaped operation [such as cultivation] 


10. back-up operation to make up the harrowing work missed in the first round 
ll. back-up operation to make up the harvesting work missed in the first round 
12. type of tractor 

13. wheel type 

14. caterpillar type 


Judging from the data in the above table, the work efficiency of tractors 
increases with the increase in the length of the field, but when a certain 
limit is reached, the range of increase of the work efficiency is gradually 
reduced while the difficulty in performing supplementary work in the field 
increases. Based upon the properties and characteristics of existing machines, 
it is believed that the length of the field should be 1200-1500 m and the 
width should be 300-400 m. If irrigation and drainage are required, the 

Length and width of the fields should be based upon the intervals between 
channels in the design. 
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Within a crop rotation tract, the area of the various small plots or sections 
should be generally equal and the soil and water conditions should be basically 
identical. This is the only way to guarantee a relative stability for the 
yearly ratio among the various crops, the total yield, and the total income 
and to guarantee a basic uniformity of the yearly work load and the require- 
ments for machines and manpower so as to implement a system of production 
responsibility. With respect to the permissible variation of area among 

the various crop rotation sections, it is determined in accordance with the 
size of the entire crop rotation tract, the cost of planting and growing the 
crops, and the transportation needs between the fields. In a large acreage 
rotation system, the cost for planting and growing crops is large, and the 
inter-field transportation needs are great. In such a condition, the varia- 
tion in the area of the rotation secti’: .tould generally be no more than 5 
percent above the average area of the verious sections. if such is not the 
condition, the variation may be a little greater, but it should not exceed 

10 percent. 


Il. Shape of Plots 


The shape of the plot or field in a state-operated farm where work is largely 
mechanized should be such as to meet the requirement for full utilization of 
the work efficiency of the machines. As much as possible, the rate of empty- 
runs of the machines and the rate of pull should be reduced. Rectangular or 
square shaped fields are the ideal. Parallel quadrilaterals or trapezoids 
are the second best. Triangular or irregular polygonal shapes should be 
avoided as much as possible. In regions wit’) many natural boundaries (such 
as streams, ditches and ravines) it is best to use the natural boundaries as 
the short side of the field. The actual curve of the natural boundary should 
be adapted so as to reduce the effect of such natural boundaries on the opera- 
tion of the machines while at the same time making full use of the land. 


When the fields are being concretely planned, the arrangement should be made 
with flexibility in accordance with the terrain and the topography. The 
objective of orderliness with respect to the shape of the fields should not 

be pursued excessively, otherwise, a situation of either inconvient cultiva- 
tion and management or unnecessary land leveling engineering work will be 
created. In hilly regions or regions with relatively great slopes, the fields 
should be divided along the contour lines to cause the long side of the field 
to bisect the slope surface horizontally in order to prevent soil and water 
loss. 


Ill. Relationship Between Plot Planning and Roads, Canal Systems, and 
Forest Shelter Belts 


Under normal conditions, the roads, the canal systems, and the protective 
forest belts should correspond with the boundaries of the crop rotation sec- 
tions, but they also have different requirements. Yor example, roads are 
for moving the machines and for transportation between the fields. They 
should be such that a good regular utilization efficiency of the roads is 
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guaranteed without occupying an excessive amount of arable land. The canal 
system is for delivering or draining water from the fields. Aside from 
shortening the distance as much as possible, canals should also be arranged 
according to the soil, terrain, hydrological, and hydro-geological conditions. 
The protective forest belts should be, as much as possible perpendicular to 

the direction of the major damaging wind. Ways of unifying all the above 
requirements when designing the fields depend on an overall analyses to balance 
the gains and the losses and to comply with the leading factors influencing 
production. 


Implementation of Crop Rotation 


(1) Before the farm prepares to implement crop rotation, first, a long term 
production development plan of the farm based upon its production management 
policy should be made to ascertain a multiple enterprise of agriculture, 
animal husbandry, and the proportional relationship among the various types 
of agricultural crops. Then, the local climate, soil, hydrography, and hydro- 
geology should be seriously surveyed and studied along with the effects of 
these conditions on the growth and development of crops. In those farms that 
have had a relatively long history, the growth manifestations and yield con- 
ditions of the various crops under different rotation systems throughout the 
years should be researched in detail. Next, the various successful cultiva- 
tion techniques should be summarized. The traditional crop alternation and 
cultivation experience of the local masses should be studies also, before 
formulating separate crop retation designs with the production team as the 
[basic] unit according to the different tasks and conditions. 


(2) After the crop rotation design has been formulated, transitional plans 
should also be made, taking into consideration existing production conditions. 
At the same time, there should be »lans for reconstructing the fields step by 
step. The necessary irrigation and drainage engineering works must be repaired 
and/or constructed. The soils must be improved and based upon the transitional 
plans, the ratio of the various crops and the cropping succession should be 
adjusted step by step. Every plot and every field must be taken care of in 

the above manner. During the period of implementing the transitional plan, or 
after the crop rotation design has been formally adopted, a stable increase of 
the total y‘eld must always be guaranteed. Efforts must be made to combine 
current yield increase with long term yield increase. 


(3) After establishing the cropping succession in the crop rotation, 

measures still must be formulated which are suitable to the locale for plant- 
ing, fertilizer application, propagation of superior seeds, irrigation, drain- 
age and plant protection. 


(4) Whatever is the crop rotation system, the basic unit of its implementa- 
tion must be the production team. A production team can generally have one 

or two crop rotation sections in a field, but shared management of a single 

crop rotation section by two or more than two production teams is not appro- 
priate. (This rule] is to facilitate the implementation of a system of pro- 
duction responsibilities and to organize a balanced production. 
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(5) After the crop rotation system has been put into practice, there should 

be relative stability and the system should not be easily altered, in order 

to prevent the entire production prograz from being thrown into unwanted con- 
fusion. Under the condition of not affecting the overall situation, however, 

a certain amount of flexibility may be permitted, especially during the ini- 

tial period of implementation when the entire crop rotation formula has yet 

to be tested through practice. Some shortcomings are difficult to avoid in 

the beginning; therefore, the formula should be given proper revision based 

upon actual needs. This is especially the case with newly reclaimed areas 

and new farms, where the local natural regularities camnot yet be completely 
mastered and some of the water and soil improvement projects have not yet bren 
totally completed. in order to guarantee production stability, in the beginning, 
a reserve section may be added in a crop rotation section to provide the capacity 
for adjustment. 


(6) In arranging crop rotation, the production team may also set aside ..i 
pieces of land totaling not more than 10 percent of the cultivated acreage 
to be land outside of the rotation system. Based upon the actual reeds and 
the soil condition, these scattered areas of very small size may be used to 
plant some crops which are of small quantity and are not readily placed in 
the rotation system, or these areas can also be used for carrying out some 
temporary production tasks or for adjusting the acreage difference between 
the small sections of the rotation system. Although these areas are not 
within the crop rotation system, a reasonable rotation of crops should also 
be carried out according to agricultural technology. 





Interplanting and Intercropping 


I. terplanting-intercropping is a traditional experience in agricultural pro- 
duction in China for the purpose of realizing the maxigum utilization of land 
and the implementation of intensive farming. 


Since the Great Proletarian Cultural Revolution and following the deepened 
development of the mass movement of “in agriculture learn from Tachai", the 
various regions, during farmland capital construction centered on controlling 
water and improving soil, have improved conditions for agricultural production, 
correspondingly promoted the reform of the cropping and cultivation systen, 

and developed intercropping and interplanting while adapting to local areas 
thus raising the multiple cropping index. Practice has proved that this 
measure is an important way for raising the annual t..al yield on a unit area 
of land. 


Based upon the characteristics of the different crops and species, the adoption 
of different forms of interplanting-intercropping can enable the plant colonies 
to be properly arranged to utilize, in space as well in time, the land fer- 
tility and the solar energy more efficiently. This measure causes the upper 
and the lower [layers] to be staggered for more ventilation and light pene- 
tration, expands the area of chloroplasts of the crop plants and raises the 
efficiency of utilization of light energy by the complex colony of the crop 
plants so as to develop fully the vigorous growth phenomenon of plants located 
on the borders. These are the reasons for the obvious increase in yield. 
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I. Interplanted Crops and Companion Crops Must be Properly Matched 


During the growth and development period, all crop plants require light, heat, 
ventilation fertilizer, and water in suitable conditions. It is, therefore, 
necessary that the interplanted-intercropped plants harmonize with one 
another. Their mutual fharmful] effects on the major crop so as to obtain 

the best result in increasing yields. For example, when winter wheat and 
garden peas are interplanted and intercropped with corn, before the node- 
growth time of the corn, the wheat and peas have already gone through heading 
and blooming so that the rows of corn serves as the corridors of ventilation 
and light penetration for the summer-harvest crops. By the time stalks of 

the corn become taller than the wheat and peas, the wheat spikes and the pea 
pods have taken their permanent shape. After the summer crops have been 
harvested, the ventilation and light penetration condition of the corn become 
greatly improved and the result of increasing yields [for the corn] may also 
be obtained. With respect to the interplanting-intercropping system between 
grain and cotton, it is better to use early ripening wheat crops. Inter- 
cropping-interplanting between corn and cotton is et suitable. In general, 
the tall stalk and the short stalk, the early mat ©: ig and the late maturing, 
the sunny and the shady, the straight-rooted and chi bushy-rooted crops are 
more suitable for a coordinated arrangement. A ‘re ortional number of rows 
[of the different crops] should be arranged in 2 °« dance with the charac- 
teristics of the crops and the land. As much as . ssible, the period of 
simultaneous growth of two types of crops should be shortened so as to improve 
the conditions of light, heat, ventilation, fertilizer, and water of the plant 
colony in order to gain good results in increasing yields from the interplant- 
ing-intercropping systen. 





Il. Land Usage and Land Maintenance Must be Coordinated in Interplanting 
and Intercropping 


With interplanting and intercropping, the yield is increased and at the same 
time, the crop plants absorb more nutrients from the soil. Especially in 
the case of intercropping, the crop-repeating index is higher and the period 
of land utilization is lengthened. Thus the consumption of soil nutrients is 
necessarily greater. If ample supplementation of fertilizer is not given, a 
high yield -annot possibly be sustained. For this reason, while practicing 
interplanting-intercropping, measures such as returning the stubble to the 
soil must be adopted to practice a planned application of large quantities 
of organic fertilizer, supplemented with necessary chemical fertilizers. If 
the application of organic fertilizer is not very ample, a definite ratio of 
green manure and leguminous crops should be used in the interplanting-inter- 
cropping system so that land utilization and land nourishment are closely 
united. 


ill. Early Maturing Variety of Seeds Must be Selected for Use in Interplanting 
and Intercropping 


Plants that are interplanted and intercropped often sprout late delaying the 
maturation time and increasing the pressure of the busy season. Sometimes, 
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the timely plowing and planting operations of the late crop may even be thus 
affected. For this reason, when crop varieties are being selected, emphasis 
must be given to early maturing, high yield varieties to reach the objective 
of having the early crop mature early to promote the early growth of the late 
crop. This is the way to gain a positive position in work arrangement so that 
the harvest is not delayed, the planting is not delayed, and the management is 
not delaye4. Thus, the high yield of one season [triggers] the high yield of 
the entire year. 


IV. Interplanting and Intercropping Must Find a Way Out Through Mechanization 


“The fundamental way out for agriculture lics in mechanization." At present. 
in some regions, with respect to cultivation and management, men and animal 
still basically provide the power to implement interplanting-int :rcropping. 
This process is labor intensive and opportune moments are often lost. To a 
large extent, this situation greatly limits the development of ‘nterplant’ 4 
intercropping. Under the production condition of the state-operatec tarms, it 
is especially necessary to organize a relationship between interpla”*iag- 
intercropping programs and mechanized operation. On the one hand, when the 
crops are being arranged for the fields there should be a great deal of con- 
sideration regarding the utilization of existing machines to do the work; on 
the other hand studies must also be carried out to improve or to reconstruct 
the existing machines t~ adapt them to the requirements of interplanting- 
intercropping. 


The extension of interplanting-intercropping should be carried out in accor” 
ance with the conditions of each locality, and should be a step by step 
development through experimentation. This is due to the fact that this reform 
in the mode of agricultural cultivation is connected with changing the entire 
agricultural system. Such production basics as fertilizer and water must be 
mutually coordinated with labor. Good results can be obtained only if it is 
implemented in a planned manner according to the actual conditions and in an 
overall design to create suitable conditions. 


Note: Examples of Rotation, Interplanting, and Intercropping of Several 
Staple Crops 





Legend: —--—>_ representing between years; representing within a year. 
(I) Paddy Rice 
1. Double-crop rice rotated with winter dryland crops 
(1) double-crop rice  _— green manure or rape __» double-crop rice _— wheat 
(Shanghai, Kiangsu, Hupei, Hunan) 
(2) double-crop rice _ green manure _, double-crop rice __ rape 


(Kiangsi, Szechwan) 














(3) double-crop rice green manure or lima beans, peas . double-crop rice 


___ rape double crop rice _ wheat 


— 
(Chekiang, Fukien) 

(4) double-crop rice barley, wheat sdouble-crop rice peas 

(Teng-hai of Kwangtung) 


2. Double-crop rice and single-crop rice rotated with dryland crops every 
other year 


(1) double-crop rice green manure intermediate rice wheat or 


rape__,single-crop late rice green manure 
(Wu-san Farm in Hupei) 
(2) double-crop rice green manure___,double-crop rice wheat 
__yintermed iate rice rape 
(Kiangsu, Hupei) 
3. Single-crop rice rotated with winter, spring dryland crops 
(1) paddy rice wheat 
(Shuang-ch'iao Farm in Peking) 
(2) paddy rice ___rape___, paddy rice green manure__ paddy rice 
___Wwheat or lima beans, peas 
(Kiangiu, Hupei, Szechwan) 
(3) corn late rice barley, naked barley or rape 
(Nan-t'ung in Kiangsu) 
(4) paddy rice rape or wheat 
(Yin-huang Irrigation Area in Ningsia) 
4. Paddy rice retated with dryland crops in different years 


(1) paddy rice (4 years) sugar cane (3-4 years) 


> 


(Pearl River Farm in Kwangtung) 
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3. 


(2) corn interplanted with rows of wheat (intercropped with green 
manure) late rice ___wheat__,intercropped cotton 
___ wheat intercropped with green manure 
(Nan-t ‘ung in Kiangsu) 
(3) paddy rice (2 years) spring wheat with clover__,clover (2 years) 
___ wheat 
(Shih-ho-tzu, Urumchi in Sinkiang) 
II. Winter Wheat 
One harvest per year method 
(1) wheat interplanted with clover__.slover (2 years) __.sorn__.yheat (2 years) 
orn —_F ape _—pummer green manure __ wheat 
(Ma-na-szu region in northern Sinkiang) 
(2) wheat interplanted with clover__ lover (2 years) wheat _ 
multiple cropping summer crop _—_ Ff ape___summer green manure nf OB meat 
multiple cropping summer crop__orn or corn for silage 
(T'a-li-mu region in southern Sinkiang) 
Three harvests in two years method 
(1) dry grains such as spring corn__wheat__ multiple cropping summer crop 
(Hopei, Honan, Shantung, Northern Kiangsu, northern Anwhei) 
(2) dry grain such as spring corn__,vheat___sultiple cropping summer crop 
— Ty grain such as spring corn__jheat___summer green manure 
(Honan, Shantung, Northern Kiangsu, northern Anwhei) 
Two harvests in a year method (or three harvests) 
(1) wheat summer corn, soybeans or sugar cane, millet 


(Hopei, Shantung, northern Kiangsu, northern Anwhei) 
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“* 


(2) wheat green lentil 
(Hsi-hua in Honan) 
(3) wheat intercropped corn (intercropped with wheat followed by 
soybeans) 
(Peking, Hopei, southern Shantung, Hunan, Chekiang) 
(III) Spring Wheat 
Northeast Region 
(1) wheat__,soybeans__wheat orn, kaoliang, millet 
(Nen-chiang Prefecture Farm in Heilungkiang Province) 
ys ‘ 
(2) wheat orn, kaoliang, millet ysoybeans 
(Nen-chian g Prefecture Farm in Heilungkiang Province) 
(3) wheat yorn soybeans __wheat (2 years) __. soybeans 


(T'u-tan-chiang, Ho-chiang District Farms in Heilungkiang 
Province) 


(4) wheat__wheat__sorn__.soybeans 
(S) wheat (2 years) soybeans 


(T'u-tan-chiang, Ho-chiang District Farms in Heilungkiang 
Province) 


Dry Region of the North 

(1) wheat ___ flax pats__corn__,potatoes 

(2) wheat (2 years) millet or cereal grain [such as rice] 
(Pa-shang area in Hopei) 

(3) wheat __,peas wheat ppotatoes or peas 


— 
(Ch'ien-shan area of Tsinghai) 
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(IV) Cotton 
1. Yellow River Valley Cotton Region 
(1) cotton wheat___multiple cropping summer crop___wheat__inter- 


cropped cotton _intercropped wheat (3-4 years) 


(Hopei, Honan) 





(2) cotton (3-5 years)— dry grain crop such as spring corn wheat — 
summer soybeans 
(Hopei, Shantung, Honan) 
(3) clover (3-5 years) __,wheat (1-2 years) __gotton (3-5 years) 
2. Yangtzu River Valley Cotton Region 
(1) cotton__ wheat ___pSummer soybeans wheat __pintercropped cotton 
__ green manure 
(Wu-san Farm in Hupei) 
(2) intercropped cotton with wheat rows wheat followed by intercropped 
green manure wheat 
(Feng-hsien County in Shanghai) 
(3) wheat intercropped cotton (2 years) green manure __ppaddy rice 
(Tung-fang-hung Farm in Kiangsu) 
3. Northwest Inland Cotton Region 
(1) winter wheat sown with clover__clover (2 years) cotton (2-3 years) 
___ spring wheat sown with green manure — or intercropped with 
soybeans > ima beans 
(K'ung-tung Area Farm in Sinkiang) 
(2) cotton (2 years)__wheat__.corn___wheat__orn 
(Ching-hui Irrigation Area of Kuan-chung, Shensi Province) 


6168 
cso: 4007 
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CHAPTER 7: CROP CULTIVATION 


External Conditions Required by Some Crops During Their Growth Period and 
Main Points of Cultivation Techniques 


I. Paddy Rice 
1. Seeding Time and Seedling Stage 


Requisite External Conditions: Keng rice begins to sprout and grow when the 
mean temperature reaches 12°C and hsien rice begins to sprout and grow when 
the mean temperature reaches 10°C. The optimum temperature for both types 

of rice to germinate and develop is between 28° and 32°C. Sowing can begin 
when the mean temperature exceeds 11° or 12°C and the water temperature 
stabilizes at above 12°C. During seedling time it is appropriate to main- 
tain a shallow layer of water in the paddy field and implement drainage from 
time to time to keep up a constant level of moisture and a sufficient level 
of oxygen in the sprouting bed so as to help the rice seedlings to grow roots. 


Unfavorable External Conditions: Seedlings are prone to rot when the mean 
day temperature is below 11° or 12°C and it rains continuously. When the 
temperature changes abruptly, say, dropping from 15° to 5°C, it is harmful 
to the growth of the seedlings and likely to cause them to rot. When the 
maximum temperature reaches about 40°C, it is also harmful to the growth of 
the seedlings. 


Important Cultivation Techniques: The main purpose of cultivating rice 
seedlings is to make a bid for raising the seedling rate and improving the 
quality of the seedlings under the prerequisite of timely sowing in order to 
meet the requirements for enough sprouts and healthy seedlings. 


The standard of a healthy seedling is: leaves erect, seedling green, stem 
flat and coarse; grows in orderly fashion and is free of insect pest; root 
system well-developed and white roots in abundance; transplantable at a 
suitable age, not easily damaged, and greens and tillers rapidly after trans- 
planting. 


345 








The links in the technique of nursing healthy seedlings are as follows: 

(a) Raise seed quality: Select seeds with a high degree of varietal 

purity. Before sowing, sun the seeds and use the muddy water or salt water 
flotation method of seed selection. Also, it is necessary to do well the 

work of seed disinfection (for details see See Treatment section). 

(b) Raise the quality of bud forcing: Prior to sowing, soak the seeds to 
make them absorb enough moisture and change the water daily so as to prevent 
the seeds from getting sticky. In soaking the seeds, do not fill the container 
to excess. When whiteness first shows, wash the seeds with clear water. Bud 
forcing should be done uniformly so as to prevent burning any sprouts. At 

the most, the length of a sprout should not exceed half the length of a grain 
of seed. (c) Raise the quality of the rice seedbed. Sufficient base manure 
should be applied to the rice seedbed. More decomposed organic fertilizer 
should be used. The fertilizer should be spread evenly and the seedbed should 
be level. (d) Grasp timely seeding, a proper rate of seeding, and a suitable 
age for seedlings and strengthen management of the manuring and watering ur 
the seedbed in order to guarantee the cultivation of an adequate number of 
healthy seedlings. 


For early cropping rice, seize the end of winter and the beginning of spring 
as the right time for sowing the seedling beds; for late rice, sow in time 
according to the different varieties and different dates of transplanting 
seedlings. The age of a seedling in number of days should be ascertained 

in accordance with variety characteristics so as to forestall overaging or 
underaging. Then fix a seeding rate for the seedling bed according to the 
length of life of the seedlings to prevent seeding from being too dense or 
too sparse and determine a suitable seeding time according to the age of the 
plant and the transplanting time of the seedlings to prevent seeding from be- 
ing too early or too late. 


Below we introduce the essential points for the techniques of cultivating 
rice seedlings by using plastic sheeting to cover the nursery beds and trans- 
planting seedlings with soil attached to the roots. 


Plastic Sheet-Covered Cultivation of Rice Seedlings. On the basis of wet 
cultivation of rice seedlings, generally it is possible to advance the 
planting date by 10 days when the seedbed is covered with plastic sheeting. 
In the plastic sheet-covered cultivation of rice seedlings, attention should 
be paid to grasping the following problems in seedbed management: 


(1) Strict Control of Seedbed Temperature: From the time of seeding 
to the full seedling and green-up stage (prior to the emergence of the two 
leaves), it is necessary to seal tightly the seedbed so as to maintain a 
proper temperature and a constant level of moisture in the soil. Watering 
the seedbed is not advisable. In a plot where water permeated quickly, the 
seedbed ditches may be watered every three or four days or the water in the 
ditches may be maintained at a constant level, with water not rising to the 
surface of the seedbed. Strictly check that there are no holes in the plastic 
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sheeting. After a rain, accumulated water on the sheeting should be 
removed forthwith. The temperature underneath the sheeting should be main- 
tained at 30° to 35°C and if it exceeds 38°C, the sheeting should be lifted 
off at one or both ends to let air in so as to lower the temperature. 


(2) Timely Ventilation to Harden Rice Seedlings: From the bifoliate 
to the trifoliate stage, ventilation should be integrated to harden the rice 
seedlings gradually. By day the plastic sheeting should be lifted off at 
one or both ends and, little by little, also on both sides. At night, when 
the air temperature drops to below 15°C, the entire seedbed should be covered 
well. In particular, attention should be paid to guarding against high 
temperatures by day and a cold chill at night. 


(3) Removal cof Plastic Sheetings During Trifoliate Stage: When rice 
seedlings reach the trifoliate stage, the plastic sheetings should be removed, 
proper water level for seedling growth should be maintained, and leaf-rolling 
disease and bacterial wilt should be guarded against. 


(4) Timely Top Dressing and Spraying to Destroy Weeds: During the 
trifoliate stage, make a thorough second application of fertilizer to the 
rice seedlings prior to transplanting so as to strengthen their cold 
resistance and prevent seedling rot. Five to seven days before pulling 
up the seedlings for transplanting, make a third or last application of 
fertilizer so as to help the transplanted seedlings turn green again and 
resume growth. After transplanting, spread mulch and then spray the surface 
of the bed with a herbicide in liquid form or when one or two leaf blades of 
a weed shoot have emerged from the ground, spray with a herbicide to kill 
the seeds in conjunction with ventilation of the seedbed. (For full direc- 
tions in the use of herbicide see the section on plant protection.) 


Cultivation of Rice Seedlings by Transplanting Seedlings With Soil Attached 
to the Roots: Transplanting paddy rice seedlings with soil attached to the 
roots is also known as transplanting seedlings in a clump. Its distinctive 
features are: dense sowing, seedling age is shortened, economical use of a 
seedbed, transplanting seedlings with soil attached to the roots means also 
a certain amount of fertilizer is attached, shallow planting will not cause 
seedlings to float, the slowing of seedling growth is shortened, acd there 

is early tillering. All this should create favorable conditions for abundant 
spikes, large spikes, and a high yield. 


(1) Seedling Bed as Nursery Bed: The seedling bed should be as close 
to the field as possible. Land for the seedling bed that is elevated, level, 
and convenient to irrigate and drain should be selected. One method is to 
turn a flooded and prepared field into a nursery bed. Another method is to 
make use of a level paddy field as nursery bed. Do not plow it under, but 
just dig out the rice stubble. Spread on the bed surface a layer of thin 
river mud to a thickness of 4 to 5 centimeters or a layer of rich, fertile 
soil and rotted organic fertilizer mixed with water to form a wet, soft mass. 
Smooth it down. Nitrogen and phosphatic fertilizers should be blended into 
the river mud. Proceed with seeding as soon as the mud has settled. After 
seeding, cover the seedbed well with plastic sheeting. 
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(2) Seeding and Seedling Age: Buds forced from rice seeds should 
sprout in an orderly fashion, the seeding rate should be 600 to 800 catties 
per mou, seeding should be uniform, seeds should not be on top of each other, 
and seeds should lie half exposed and half buried in the mud. After seeding, 
cover the seeds completely with mulch and fine soil, and maintain a constant 
level of moisture in the soil. At the time of transplanting, see to it that 
each young sprout has 2.5 to 3 leaves and is 8 to 10 centimeters high and 15 
20 days old. If the seedling is overaged, it turns yel'owish and is slender 
and weak, and therefore dies easily. 


(3) Rice Seedbed Management: Basically, rice seedbed management is 
the same as in the plastic sheet-covered cultivation of rice seedlings. From 
seeding to the full seedling stage, maintain a constanc level of moisture in 
the seedbed. From the full seedling stage to the development of the second 
leaf, supply the seedbed ditches with a little water or no water at all in 
order to make it easy for the seedling to take roots and become healthy. 
Attention should be paid to lifting off the plastic sheeting to provide venti- 
lation and harden the seedlings. Several days prior to transplanting or after 
the development of the second leaf, remove the sheeting gradually and make a 
third or last application of fertilizer to the seedlings. After the sheeting 
is completely removed, if the surface of the seedbed is dry and the air tempera- 
ture is high, water it dow: so as to guard against yellowing and bacterial wilt. 


(4) In removing the seedl‘-es from the nursery bed for transplanting, 
the soil attached to the roots should be 1 to 2 centimeters thick. One or 
two days prior to removal, treat the seedlings with a spray solution for the 
prevention of pests and plant diseases. Loading, transporting, and trans- 
planting the seedlings must be done all at the same time. In order to avoid 
affecting their quality, the seedlings cannot be stacked up for a long time. 


(5) At the time of transplanting seedlings with soil attached to the 
roots, quality requirements in the preparation of the field should be stricter 
than at other times. The field must be leveled smooth and harrowed lightly, 
base manure must be applied adequately, and water levels must be uniform. If 
the surface of the field is not level, a ridge must be built along its edges. 
After transplanting is completed in one plot, supply water to it immediately 
to protect the seedlings. Do not let them stand drying in the sun. 


2. Transplanting and Green Up Stage 


Requisite External Conditions: At the time of transplanting, the mean day 
temperature should be above 15°C for hsien rice and above 13°C for Keng rice. 
In early spring, the daytime temperature differs greatly from the nighttime 
temperature. With early rice, if the weather is fine, the field should be 
drained in the daytime so as to raise the soil temperature and in the night- 
time it should be irrigated so as to protect the seedlings from cold damage. 
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Unfavorable External Conditions: After transplant » Strong winds or a heavy 
downpour will easily give rise to lodging and float of the seedlings and in 
the event of a drought the seedlings will be liable to withering. The tempera- 
ture is relatively low when seedlings of early rice are transplanted and in 
case of a cold wave, it may delay the seedlings in becoming green again. in 
summer, the air temperature is high and sunshine is strong, and it will easily 
cause the seediings to wither. 


Important Cultivation Techniques: (1) Seeding Transplanting: Transplanting 
should be done early and at the right time. Planting should be shallow, but not 
so shallow as to cause the seedlings to float. Maintain a shallow layer of 
water in the paddy field so as to promote early tillering. Strive for tiller- 
ing in low nodal positions, so as to increase the number of effective tillers. 
When transplanting is done mechanically, attention should be paid during 
transplanting to preventing omitted transplanting, folded seedlings and 
seedling damage, controlling the depth and uniformity of seedlings in each 
hole, and carrying out supplemental planting of seedlings in good time. When 
transplanting is done manually, see to it that the rows are straight, guaran- 
tee dense planting, and carry out transplanting as shallow as possible. The 
density of planting should vary with seed variety and fertility of the field. 
Generally, there are 25,000 to 35,000 holes to a mou and 7 to 10 seedlings to 
ahole. That means between 200,000 and 350,000 basic seedlings should be 
transplanted in a mou. , 


(2) Fertilizers: Rotted organic fertilizer, green manure, and phosphatic 
fertilizer should be regarded as the main basic fertilizers for the paddy rice 
field. They should be applied either at the time of plowing or before harrow- 
ing. Prior to transplanting, chemical nitrogenous fertilizer should be applied 
as a surface fertilizer to promote the rapid greening up of seedlings. 


(3) Chemical Weed Control: Three or four days after transplanting, let 
in a shallow layer of water. Add 1 to 1.5 catties of a 25 percent wettable 
herbicide or 1 to 1.5 catties of 80 percent PCP (pentachlorophenol) per mou 
to between 30 and 40 catties of fine wet soil to form a poison soil of mix 
them evenly with a chemical fertilizer and scatter it. After applying the 
substance, maintain a shallow layer of water in the field. 


(4) Irrigation: Transplanted small seedlings require shallow irriga- 
tion and frequent watering. For large seedlings, shallow water is also 
required during transplanting and the green up stage. In the case of saline- 
alkali soil, after transplanting, let in water to a depth equivalent to two- 
thirds of the height of a seedling so as to protect the young plant. After 
the green up stage, maintain a shallow layer of water in the field in conjunc- 
tion with proper drainage so as to promote the development of its root system. 


3. Tillering Stage 
Requisite External Conditions: An air temperature of about 30°C is suitable. 


Adequate nutrients and sunshine can promote tillering in abundance and at a 
rapid rate. 
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Unfavorable External Conditions: Tillering will be restricted if the mean 
day temperature drops to below 15°C. Dry weather and an air temperature 
above 37°C will be detrimental to tillering. Rainy weather and inadequate 
sunshine will not only delay tillering, but also produce slender and weak 
stems, rendering them prone to infection with rice blast. If the temperature 
difference between daytime and nighttime is too great, it will be harmful to 
tillering. 


Important Cultivation Techniques: During the tillering stage, take advantage 
of regulating the amount of water and fertilizer in the field to promote early 
tillering, control the number of ineffective tillers, and make seedlings grow 
healthily but not excessively. Generally, only tillers possessing four or 
more leaf blades have a chance of becoming effective tillers. The earlier 

a tiller appears, ‘he lower its tillering position, and the greater its chance 
of becoming an effective tiller. 


(1) Irrigation: During the tillering period, it is necessary tc irri- 
gate plot by plot in accordance with the local weather, nature of the soil, 
condition of the seedlings, and weed situation. During early tillering, main- 
tain a shallow layer of water and raise the water temperature and soil tempera- 
ture in order to promote early tillering and strive for more tillers which can 
form ears. During final tillering, bake the field properly to keep down in- 
effective tillering and stop or reduce irrigation to guard against lodging. 
However, baking a field of saline-alkali soil is likely to give rise to 
secondary salination and dead seedlings. This must be differentiated from 
other soils. 


(2) Additional Manuring: The nitrogen intake of a seedling during the 
period from greening up to jointing is relatively high constituting 30 to 
40 percent of its total amount of nitrogen absorption during the entire growth 
period. On the other hand, its intake of phosphorus and potassium is slightly 
less, constituting 20 to ¥ percent of its total amount of absorption. Addi- 
tional manuring during the tillering period is the key to strengthening effec- 
tive tillering and striving for a high heading rate per tiller. Six or seven 
days after greening up, make yet another application of fertilizer. In the 
North, as far as single-crop rice is concerned, and in the South, as far as 
double-crop early rice is concerned, it is especially important that early 
application of fertilizer during the tillering period be grasped so as to 
promote early tillering. With intermediate rice and single-crop late rice, 
make an additional application of fertilizer. Simultaneously with additional 
manuring, weeding in the field should be carried out. 


(3) Treatment and Control of Pests and Plant Diseases: Attention should 


be paid to the occurrence of white withering, rice blast, sheath and cula 
blight rice leafhoppers, rice stem bcrers, etc. 
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4. Jointing and Earing Stage 


Requisite External Conditions: During the early stage of jointing, young 
spikes will begin to differentiate. The temperature suitable for differen- 
tiation is above 20°C. If the weather is clear, nutrient is adequate, tempera- 
ture variation is not great, and there is no wind or rainstorn, it will be 
favorable to the jointing and earing of paddy rice. 


Unfavorable External Conditions: Insufficient light is harmful to jointing 
and earing. if the temperature drops to below 15°C, such phenomena as leaves 
turning yellowish and slowing down of the rate of panicle differentiation 
will arise. During the earing stage, if the mean day temperature is lower 
than 18°C, small, light grains with no germination potential are likely to 
be produced. 


important Cultivation Techniques: After jointing, oaddy rice enters a repro- 
ductive development stage which will decide the formation and growth of the 
grain bearing spike of the rice plant. Generally, the number of spikes in a 
rice field which has a per mou yield of about 1,000 catties is between 30,000 
and 40,000 per mou. 


(1) Irrigation: After baking the field and stopping or reducing the 
irrigation of the seedlings during final tillering, it is necessary to raise 
the layer of water to 6 or 7 centimeters right up to three or five days prior 
to earing. If the vegetative growth of the seedlings is excessive, the field 
should be baked anew, this time lightly. The length of time of baking depends 
on the condition of the seedlings. 


(2) Additional Manuring: During the period from jointing through panicle 
differentiation to earing and flowering, the nitrogen requirement of paddy 
rice constitutes 50 to 60 percent of its total absorbing capacity and the 
phosphorus and potassium requirement 60 to 70 percent of its total absorbing 
capacity. In the final stage of tillering, prior to jointing, grasp in good 
time the application of fertilizer during the earing stage in order to pro- 
mote the growth of healthy stems and big ears. See to it that fertilization 
during the earing stage is not overdone, otherwise the seedling is lieble to 
excessive wgetative growth. Overly late fertilization may cause the seedling 
to develop a predilection for greening, be late in coming to maturity, produce 
numerous half-filled grains, and be infected easily with rice blast. 


(3) Treatment and Control of Pests and Plant Diseases: Attention should 
be paid to the occurrence of rice blast, sheath and culm blight, rice leaf- 
hoppers, rice plant skippers, horizontal leaf rollers, etc. 


5. Earing and Flowering Stage 


Requisite External Conditions: The suitable temperature for the earing and 
flowering period is between 28° and 32°C. Clear weather, a relative humidity 
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of between 70 and 80 percent, and a slight breeze are all advantageous to 
florification and pollination. 


Unfavorable External Conditions: Rainy weather and a mean day temperature 
lower than 20°C not only are unfavorable to florification and pollination, 
but also favor infection by rice blast or produce half~filled grains and 
small grains with no germination potential. if the temperature is lower than 
17°C for hsien rice or 15°C for Keng rice, the rate of fructification will 
lower markedly. Windstorm and insufficient sunshine also are detrimental to 
florification and fructification of paddy rice. 


Important Cultivation Techniques: During the earing and flowerin; stage, if 
the water requirement is met and nutrient is adequate, the seeds will be 
filled, become plump and ripen in good time. 


(1) Irrigation: Maintain a constant layer of water in the field and 
guard against the suspension of the water supply or drainage of the field. 
But if the vegetative growth of the seedlings is excessive, the fiel. may be 
alternated between dry and wet. 


(2) Treatment and Control of Pests and Plant Diseases: Pay heed to the 
treatment and control of rice neck blast disease, rice leafhoppers, horizontal 
leaf rollers, and paddy rice borers. 


6. Ripening Stage 


Requisite External Conditions: Adequate moisture, nutrients, and light are 
required during the filling stage. A great temperature difference between 

daytime and nighttime will be beneficial to the accumulation of nutrients. 

Clear weather is required during the wax ripe stage. 


Unfavorable External Conditions: With late rice in the South and single- 

crop rice in the North, when the mean day temperature is below 15°C, the 
ripening stage will be delayed manifestly. A wind or rainstorm will give 

rise to lodging and shattering of grains, lower the quality of the crop, and 
affect its harvest. During the filling stage, if soil moisture is insufficient, 
half-filled grains will increase in number and the yield will decline. 


Important Cultivation Techniques: Between 63 and 75 percent of the nutrients 
accumulated in a paddy rice grain stems from photosynthesis after the earing 
stage. Therefore, during che filling stage of paddy rice, good nutrition 
conditions are still necessary. The root system must be prevented from decay- 
ing early and the photosynthetic capacity of the leaf blades must be preserved 
in order that a great deal of nutrients be transmitted to the grains. 


During the filling stage, maintain a shallow layer of water in the field. 
However, in the latter part of the filling stage, the field may be alternated 
between dry and wet, but primari'y wet. During the early part of the wax ripe 
stage, drain the field and let it dry in the sun to create conditions for 
harvesting so that the crop may be gathered at the right time. 
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Appendix: Cultivation of Paddy Rice by Direct Seeding 


Given the conditions that water sources are adequate, the field is level, 

and irrigation and drainage are convenient, mechanized direct seeding of 
paddy rice may be carried out. No matter whether it is direct seeding on 

a paddy field or on a dry field, one factor that must be grasped is the 
protection and maintenance of proper seedling growth. At the same time, this 
must be kept up with such cultivation measures as the removal of seeds and 
strengthening of watering and manuring management in order that a high yield 
be achieved. 


(1) Leveling of Surface of Field: Direct seeding corresponds to culti- 
vation of seedlings in a field. Whether the quality of soil preparation is 
good or bad will have a <sirect effect on the protection and maintenance of 
proper seedling growth and on watering and manuring management. Soil prepara- 
tion must be precise, the surface of the field must be level, and the layer 
of water in the field must be of a uniform height. In saline-alkali soil 
particularly, if the field is uneven, rice seedlings planted in low places 
will drown and those planted in high places will suffer from excessive alkali. 
The requirements of soil preparation for direct seeding on a paddy field are 
the same as for a rice field to be transplanted. 


(2) Guaranteeing Perfect Seedlings: 


Timely Seeding--In the North region, if direct seeding of early rice is 
carried out too early when the temperature variation is great, or management 
cannot keep pace with development, it is apt to give rise to damping-off, a 
fungous disease which attacks and causes rotting of seedlings. Generally, it 
is necessary to seed when the temperature has steadily risen to about 15°C. 


Shallow Planting--in fields, which are to be sown dry and irrigated later, 

it is better for seeding to be shallow than deep.” The depth of seeding 
should not exceed 1 centimeter. For this reason, seeds should be treated 

for attaching to soil so as to prevent the floating of those seeds sown on 

the surface soil. If it is direct seeding on a dry field, the seeds may be 
planted 2 to 4 centimeters deep in moist soil. If they are planted too deep, 
seedling emergence through the top soil will be difficult. Seeds sown di- 
rectly on a paddy field may lie half exposed and half buried in the mud. They 
mist not be planted too deep. 


Timely Drying of the Field in the Sun--In a directly sown field where irriga- 
tion follows seeding, grasp firmly timely drainage of the field after the 
seeds have germinated so as to stimulate the young plants to take root and 
strive for perfect, healthy seedlings. If the moisture content of the soil 
is high and the seeding is deep, the time for drainage will have to be a 
Little longer. This is to avoid having too much moisture in the soil during 
seed germination, in which case the sprouts will only continue growing vith- 
out taking root. 
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Moreover, if direct seeding on a dry field is adopted owing to inadequate 
water sources during the early stage of plant growth, after sowing, firm 
soil immediately, maintain or increase soil moisture, and strive for perfect 
seedlings. In case rain comes prior to seedling emergence and the ground is 
one hard slab, the work of breaking the crust soil should be carried out. 


(3) Conservation of Water for Healthy Seedlings: When the young seed- 
lings enter the trifoliate period, it is necessary to maintain a constant 
layer of water in the field so as to attain the conservation of water for 
healthy seedlings and the inhibition of weeds. This is the aain link in the 
culture technique of direct seeding on a dry field. If the conservation of 
water is carried out too late or a constant layer of water cannot be maintained 
in the field over a long period of time, it will easily give rise to damping- 
off disease, bacterial wilt, or weak seedlings. 


(4) Weed Control: Key measures include: (a) Practice rotation be- 
tween dryland crop and paddy rice; (b) Carry out land preparation cud soil 
moisture conservation to induce weeds to grow prior to seeding, thea harrow 
the field to remove them; (c) Practice timely conservation of water to inhibit 
weed growth; (d) Practice weed control with chemicals; and (e) Practice 
timely eradication of seeds by hand or with weeding rakes. 


(5) During final tillering, it is necessary to bake the field in order 
to prevent lodging. 
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ll. Winter Wheat 
1. Sowing and Germinating Stage 


Requisite External Conditions: The suitable germination temperature is from 
15° to 20°C., and the lowest from 1° to 2°C. The suitable sowing period is 
in autumn when the mean temperature begins to drop to between 15° and 18°C., 
and the mean earth temperature at 5 centimeters is from 16° to 19°C. It is 
beneficial to the growth of young seedlings if the moisture content of the 
soil is approximately 70 percent of the water capacity of the field. 


Unfavorable External Conditions: Continuous rain or drought is detrimental 
to seeding or sprouting. If sowing is done when the mean daily temperature 
is lower than 3°C., the seeds will not sprout the same year; if done ir mean 
day temperature lower than 10°C., often the plant will not send out tillers 
before the arrival of winter; if done when the mean day temperature is higher 
than 20°C., jointing is apt to take place before winter sets in and the plant 
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will possibly not survive the cold season. If a cold wave strikes before 
the three-leaf period with the lowest temperature suddenly dropping to -8° 
to -10°C., the young sprouts of a variety weak in winter resistance are not 
tempered in resisting cold are apt to die. 


Important Cultivation Techniques: In general, the requirement curing the 
sowing and germinating period is to attain the goal of obtaining seedlings 
that are whole, uniform and healthy. These constitute the foundation for a 
hig yielding winter wheat crop. As a rule, the standards of a healthy 
seedling are: Before winter sets in, the main stem has put forth from 5 to 

7 leaves; these leaves are wide and of a deep color; there are 3 or 4 tillers 
(including the main stem) and the healthy ones have upwards of 3 leaves each. 
In density, the requirement is to have 250,000 to 350,000 basic seedlings per 
mou and a total of 1 million stems before winter arrives. During this period 
the nitrogen that the seedlings absorb constitutes 16.8 percent of the total 
amount, phosphorus 12.5 percent, and potassium 6.4 percent. 


During the sowing and germinating period, the actual requirements for culti- 
vation techniques are as follows: 


(.) Deep plowing is to be integrated with fertilization before sowing. 
There must be the application of sufficient phosphorous fertilizer to nuture 
soil fertility so as to make the root system of the plant flourish and guaran- 
tee the nourishmer cf the plant during its entire growing period. This is 
an indispensable prerequisite of growing healthy seedlings. 


(2) Preparation of the soil and conservation of soil moisture is to be 
timely. In dry areas attention should be paid to conserving soil moisture 
underneath. Plowing, harrowing, turning, and sowiag should follow immediately 
in that order, and after sowing the soil should be rolled to conserve moisture 
so as to strive for perfect seedlings. In autumn waterlogged areas, if the 
soil is too wet, water should be drained off, the land cleared, and the soil 
aerated, all in good time, so as to create conditions suitable for wheat 
cultivation. Attention should also be paid to grasping conditions when they 
are ripe to carry out tillage and sowing. 


(3) Curry out sowing at the optimum time in order to raise its quality. 
Give priority to sowing early according to soil and climatic conditions in 
different places. Within the same area sowing in saline-alkali fields should 
be carried out earlier than in ordinary soil. The seed rate should be deter- 
mined according to the number of basic seedlings required (Usually, the 
requirement is 250,000 to 350,000 basic seedlings per mou, but in late sow- 
ing the density should be increased correspondingly) and calculated according 
to the number of seeds per catty and the germination percentage. 


in addition, at the time of sowing, fertilizer should be applied for use by 
the seeds during the germinating period. For the purpose of treating and 
controlling insect pests in the soil, insecticides such as 1605, Chlorine 
Pills, Happy Fruits, and Oppose-Huncred Insects may be mixed with the seeds 
before being sown. (See Seed Treatment Table for details ; 
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2. Tillering and Wintering Stage 


Requisite External Conditions: Tillering is most prolific when the weather 
is clear, the mean daily temperature is between 13° and 18°C., and the mois- 
ture content of the soil about 60 to 70 percent saturation in the field. 
During the wintering period, the moisture content of the soil at the level 
of the root system of the wheat plant should be approximately 70 percent 
saturation. When it fails to reach the 70 percent-mark, winter irrigation 
must be carried out. During this period, it is best that the temperature at 
the joint of tillering be above -15°C. 


Unfavorable External Conditions: Dry soil, too low a temperature and an 
abrupt drop in temperature will affect normal tillering. When the mean daily 
temperature falls to between 2° and 4°C., that part of the plant above the 
ground will stop growing. Tillering will decrease noticeably when the mois- 
ture content of the soil is less than 40 percent saturation or the mean daily 
temperature is below 2°C. or above 18°C. When it rains continuously or the 
soil hardens into a crust or there is not enough sunshine, not only will 
tillering decrease, but it will also be harmful to the plant's cold-resisting 
and wintering ability. 


Important Cultivation Techniques: 


(1) Winter irrigation: In the North, the irrigation of wheat fields in 
winter should be undertaken early, before the canals become clogged with ice, 
so that moisture can be stored in the soil and provide protection against 
cold. The timing of winter irrigation should Se grasped firmly, as irrigation 
must stop when the hard freeze comes. If it is done too late, the water will 
soon be frozen cver and the young seedlings are apt to freeze to death. 


(2) Wheat rolling as a protection against cold: This should be done 
after the freeze and before the thaw the following spring. In windy areas 
the wheat should be rolled one or two more times. Im arid areas and saline- 
alkali grounds, a toothed harrow should be used to cultivate the soil before 
the greening up period or when the moisture content of the soil is just right, 
so as to conserve moisture and guard against salification. In wheat fields 
in the South, seedlings that are growing too vigorously should be rolled be- 
fore the wintering period so as to restrain growth and guard against damage 
due to cold. In addition, “winter fertilizer" should be generously applied 
to weax seedlings and attention should be paid to field drainage when there 
is an abundance of rain. 


4. Greening Up Stage 
Requisite External Conditions: Greening up begins and tillering goes on in 
spring when the mean temperature for a 10-day period climbs to 2° to 4°C. 


When the temperature rises to betwen 6° and 10°C. and if the soil is 
sufficiently moist and fertile, greening up can be yuickened considerably. 
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Unfavorable External Conditions: Dried up soil, scarce winter precipitation, 
intensely cold weather, a sharp rise or drop in temperature, and severe 
freezing of the ground are factors that can easily cause the seedlings to 
suffer damage or die of cold. If the subsoil water level is too hign, it is 
not conducive to the greening up of the wheat. 


Important Cultivation Techniques: The tiller‘ng period in spring is from 

greening up to stem extension. During this time the wheat seedlings must 

grow steadily and healthy but not vigorously, and their leaves must be green 

and not show any yellowness. The nitrogen absorbed at this time constitutes 

24.9 percent of the total amount, phosphorus 25.0 percent, and potassium 33.5 
¢ percent. 


The specific techniques of cultivation during the greening up period are as 
follows: 


(1) Timely application of fertilizer during the greening up stage. 
During the greening up period the timely application of additional fertilizer 
may markedly increase the number of spikes being formed. In early spring when 
the thaw begins, the occasion should be seized to apply additional fertilizer 
mechanically to the wheat fields which have been irrigated in winter. It must 
be a subsoil application and this must be covered up well afterwards. If the 
wheat fields have been well fertilized before sowing and their productivity 
is high or if the seedlings are healthy and vigorous, additional fertifization 
may be reduced or omitted according to circumstances. 

(2) Sufficient watering during the greening up stage. When the’ seedlings 
start to green up in spring, with the rising temperature, not only must the 
supply of water and fertilizer meet the needs of the growing wheat in good 
time, but such a supply must not be too much or too potent. In the interval 
between greening up and stem extension, the panicle differentiation begins. 
During this time, insufficient water and fertilizer will stunt the growth of 
the stem, raise the percentage of ineffectual tillering, and bring on smaller 
ears and fewer grains. 


(3) Rains are abundant in the South and to prevent the wheat fields 
from being vaterlogged, it is necessary to dredge the drainage ditches and 
keep them constantly unclogged. 


4. Stem Extension and Jointing Stage 


Requisite External Conditions: It is most conducive to jointing when the 
mean daily temperature is between 12° and 16°C. and the moisture content of 
the soil approximates 70 to 80 percent saturation. S:nshine, moisture, and 
nourishment ir sufficient quantities are helpful in jointing. 


Unfavorable External Conditions: After jointing, the winter resistance of 
the plant will gradually decline. By and large, if the temperature drops to 
-6°C. within 8 days of jointing, the plant's stem and leaves will suffer damage. 
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A drought will affect the differentiation of the spikelets, while an excess 
of rain will debilitate the main stem, making it liable to disease or lodging. 


Important Cultivation Techniques: Stem extension is the climax of tillering. 
Vegetative growth should proceed together with reproductive growth. If tiller- 
ing exceeds what is usual or the smaller tillers recede slowly, it will be most 
disadvantageous to the development of the spikelets during .heir formative 
Stage. Therefore, it is necessary to control a suitable stock, strengthen 
early tillering, and strive for a relatively high earing rate. Usually, when 
the per mou wheat yield is 500 to 800 catties, mostly there are 400,000 to 
600,000 ears to a mou. 


As for wheat fields where seedlings tend to turn frail during the stem exten- 
sion stage because of insufficient fertilizer and water, additional fertiliza- 
tion should be applied at this time in conjunction with irrigation. The 
procedure is to first apply fertilizer, then water. In regard to wheat : .eclds 
where there are adequate fertilizer and water and the seedlings are (rowing 
vigorously, both fertilization and irrigation should be controlled ia order 

to promote the growth of strong stems and large ears and prevent lodging. 
Also, a dwarf promoting agent may be diluted with water to a strength of 0.1 
to 0.4 percent and used in spraying the surfaces of the leaves to control 
their vigorous grovth. 


As soon as jointing begins, reproductive growth of the plant will be at a 
robust stage. Its stalk will lengthen speedily and its need for water and 
fertilizer will be most pressing and most keenly felt. During this period, 
nitrogen absorption will constitute 50.9 percent of the total amount, phor- 
phorus 47.1 percent, and potassium 55.7 percent. A shortage of fertilizer cr 
water at this time will have considerable effect on the yield. Management 
should be classified depending on the weather, soil, and seedlings. If frail 
or yellow seedlings emerge, fertilizer should be applied generously to the 
fields so as to promote their growth; if vigorous seedlings spring up, little 
or no fertilizer should be applied. During this period watering is quite 
important. If there is a water resource, an endeavor must be made to prac- 
tice irrigation at least once in order to promote the growth of valid tillers 
into large spikes. 


5. Earing, Blooming, and Filling Stage 


Requisite External Conditions: In the blooming period the suitable tempera- 
ture is between 16° and 22°C, the lowest temperature is between 9° and 11°C., 
the moisture content of the soil is 80 to 85 percent of the water capacity 

of the field, and the relative humidity of the atmosphere is 70 to 80 percent. 
Besides, clear weather, ample sunshine, and gentle wind are all heJ-ful to 
blooming. 


Unfavorable External Conditions: When the temperature drops to below 9°C., 


blooming will be delayed, the growth of filaments will be somewhat weak, and 
normal pollination will likely be affected. When the temperature rises higher 
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than 40°C., fertilization and fructification will definitely be affected. 

A drought, high temperatures, or insufficient moisture in the soil will bring 
about a marked increase in the number of barren blossoms. A rainstorm or hail- 
storm will affect pollination and cause lodging. 


Important Cultivation Techniques: In the stage from earing to filling of the 
grains, it is necessary to keep the soil moist and guard against early defi- 
ciency and lodging so that the blooms will be preserved and increased in 
numb2r, and the seed grains will grow big and be filled. Because of the 
high density of plant stalks in the wheat field and the multitude of leaves, 
plus the high temperatures and longer sunshine hours at this time, the water 

. consumption of the wheat will reach the peak of its entire growing period. 

i If the moisture content of the soil is insufficient at this time, it will 
bring forth unfruitful spikelets and increase the number of small blooms, 
thus lowering the yield of crop. Hence, it is necessary to practice timely 
irrigation during the blooming and filling stage to keep the soil moist. 


6. Ripening Stage 


Requisite External Conditions: During the ripening stage a mean daily 
temperature of 20° to 22°C. will be suitable. In the first part of this 
period of milky ripeness, the moisture content of the soil should be 60 to 
80 percent of saturation and in the latter part, it should not be lower than 
40 percent. Ample sunshine, an absence of wind and rain storms, and fairly 
humid air are all helpful to ripening. 


Unfaverable External Conditions: A furious storm will beat the crop to the 
ground. Given conditions of high temperatures and a dry hot wind, the green 
stalks are apt to ripen unseasonably, with the result that the seed grains 
will be lean and their 1,000-count weight will be down. In a continuous 

rain, the wheat will easily be afflicted with diseases, and these will lower 
its quality and more than that, delay the ripening, thus affecting the harvest 
and storage work. 


Important Cultivation Techniques: In areas where the threat of high tempera- 
tures and hot dry winds is great, it is necessary to practice “yellow ripe- 
ness watering” at the right time. When there is no wind, an effort must be 
made to rush-irrigate the fields in rotation by day and by night, stopping 
just before the wind resumes blowing. 


As soon as the wheat begins r‘{ pening, it will become ripe quickly and all at 
once. Hence, it is necessary to grasp the timely harvest of the crop in the 
latter stage of wax ripeness to avoid loss of grain by falling off brought 
on by a late harvest. 
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Ill. Spring Wheat 
1. Seeding and Germinating Stage 


Requisite External Conditions: Young seedlings capable of withstanding cold 
and frost can be planted early at an appropriate time. The suitable climate 
for planting is when the mean temperature is 2° to 4°C. The suitable tempera- 
ture for germinating is 6° to 8°C., and the suitable moisture content of the 
soil is 60 to 70 percent saturation. 


Unfavorable External Conditions: When the soil is dry or there is an excess 
of moisture, it is harmful to planting as well as to the growth of the tender 
seedlings. During the seedling stage, when the temperature drops to -6° to 
-8°C., some of the leaves will sustain slight damage and when it drops to 

-8° to -10°C., all the leaves will be damaged. 


Important Cultivation Techniques: As compared with winter wheat, spring 
wheat has the following growth characteristics: It has a short grevring period 
as there are only 80 to 100 days from germination to ripening. Sowing is done 
in early spring. During the germinating period the earth temperature will be 
low. It is also the dry season. Spring wheat will have fewer tillers and its 
root system will be weak. Its panicle differentiation is early. As spring 
wheat has only a short time to take in nourishment, it requires large quanti- 
ties of fertilizer (A per mou yield of 400 catties of spring wheat will need 
to absorb about 15 catties of nitrogen, 8 catties of phosphorus, and 10 
catties of potassium). Therefore, in regard to spring wheat it is even more 
important to improve the quality of soil preparation and sowing, make the 

soil smooth and loose, and see to it that fertilizer is plentiful and soil 
moisture is ¢ ‘quate so as to guarantee that the seedlings will be whole, 
uniform, eve», and healthy. 


(1) Careful preparation of the soil by plowing in autumn and irrigating 
in winter. With the exception of some low-lying swampy land, cultivation of 
the soil for planting spring wheat should center round the prevention of 
aridity and conservation of soil moisture. After the stubble of the last 
crop has been cleared away, it is necessary to make an early start in the 
autumn to plow and harrow the fields so that the ground will be level and 
the soil broken up, with its top portion loose and its lower portion compact 
to prevent the arable layer from disintegrating. Winter watering should be 
carried out in irrigated fields to store up moisture. In the arid black soil 
areas ja the Northeast, land that has been deep-plowed in the previous year 
and possesses an arable layer that is loose, clean, and clear of weeds may 
also be selected for harrowing and sowing. 


(2) In early spring the land should be rolled to increase the tempera- 
ture and expedite a thaw. Under the prerequisite of insuring the quality of 
soil preparation and seeding at a suitable depth, spring wheat should be 
cultivated as early as possible. In loy-lying wet grounds, the snow of early 
spring should be rolled and the water drained off so as to assure early seed- 
ing at the right time and avoid working in fields that are too wet. 
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(3) Fertilizer added before and at sowing time should be ample. In the 
light of low earth temperatures in early spring and the weak root system of 
spring wheat, a humic organic fertilizer should be applied in sufficient 
quantity to the soil laver by layer in conjunction with autumn plowing in pre- 
paring the land for planting. Then at the time of sowing pelletized phosphorous 
fertilizer and nitrogenous fertilizer should be added to satisfy the require- 
ments of healthy seedlings. 


(4) Rust-resistent high quality seeds should be picked for use. After 
careful selection and disinfection, they should be sowed closely. A suitable 
density of seedlings is determined according to such factors as weather, pro- 
ductivity of the soil, irrigation conditions, and characteristics of the seed 

, variety used. Usually, there should be 300,000 and 500,000 basic seedlings 
to a mou. 


(S) The quality of sowing should be improved to guarantee perfect seed- 
lings. In arid areas, the ground should be rolled after sowing to conserve 
soil moisture. If the earth has become crusted after rain, the crop should 
be harrowed lightly to break the crust. If any edge or corner of a field has 
been missed during sowing, replanting should be carried out in time during 
the seeding stage. 


2. Trifoliating and Tillering Stage 


Requisite External Conditions: The suitable temperature in this period is 
11° to 15°C. At the same time suitable nourishment and moisture are required. 
The suitable moisture content of the soil is 70 to 80 percent saturation. 


Unfavorable External Conditions: During the tiliering period, high tempera- 
tures or a drought will be harmful to panicle differentiation. Either will 
bring about fewer tillers, smaller ears, and a lower yield. If the tempera- 
ture drops below O°C., there is danger of damage from cold. 


Important Cultivation Techniques: The tillering period of spring wheat is 
very short. From the time the third leaflet shoots forth (1.e., the beginning 
of the tillerins period) the tender spikes immediately begin to differentiate. 
At this tire the temperature of the atmosphere quickly rises and the transpira- 
tion rate ‘ncreases. Also, the nutrient absorption system and reproductive 
organ in the stalk of the plant are developing vigorously and a great deal of 
moisture and nourishment are needed. Weeds also begin to grow in the fields. 
Therefore, strengthening field management at this stage, promoting root growth 
and tillering, and improving conditions for differentiation of the tender 
spikes are of decisive significance in striving for numerous and large spikes, 
and a high yield. 


(1) From the beginning of the three-leaf period, fertilization and 
irrigation management should be crasped early. On the basis of adding fer- 
tilizer before and at sowing time, additional application of nitrogenous 
fertilizer in conjunction with irrigation will possibly extend the differentia- 
tion period of the spikes and increase the number of spikelets. 
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(2) At the end of the filling [sic] period, the crop should be harrowed 
lightly with a toothed harrow to loosen the soil and conserve moisture (also 
prevent alka'inity in saline-alkali areas) or pressed to draw up the moisture. 
In wheat fields where wide-row planting is practiced, cultivation should be 
carried out to loosen the soil. 


(3) All kinds of weeding measures should be adopted. Aside from using a 
hurrow to weed the fields, chemical weed killers such as 2.4 Ti-ting-chih 


(C,H, ,0,C1,] and Yen-mai-ling (C, ,#,° C1,N; also known as Barban, Carbyne] 


may be sprayed during the tillering period. 
3. Jointing and Earing Stage 


Requisite External Conditions: During this periouw che suitable temperature 
is 12° to 16°C. At the same time the requirements are for adequate nourish- 
ment and moisture (The amount of moisture required from the jointing stage 
to the earing stage is approximately 70 percent of the total amount seceded 
throughout the growing period), fair weather, and ample sunshine. 


Unfavorable External Conditions: Excessive temperatures or an abrupt drop 

in temperature are harmful to jointing and panicle differentiation. Dried up 
soil and insufficient moisture will adversely affect the length of spikes and 
the number of spikelets to be formed, thus lowering the wheat yield. 


Important Cultivation Techniques: After jointing, the stalk of the wheat 
plant lengthens quickly and grows vigorously and the spikelets enter a period 
of differentiation of small blooms until the earing stage is reached. At 

this time much nourishment and moisture are needed. But if water and fertili- 
zer are handled improperly, in either too much or too strong a dose, it will 
cause lodging. It is necessary to proceed with fertilization and irrigation 
management according to the growing conditions of the wheat seedlings so as 

to conserve the spikes, increase the number of grains, and prevent lodging. 
Usually, a field with a per mou yield of 400 catties should have 400,000 to 
500,000 spikes to a mou. 


(1) Irrigate the wheat fields according to tne seedlings. At the begin- 
ning of the jointing period, in order to avoid lodging, it is inappropriate to 
water fields where irrigation has been carried out during the tillering period 
and seedlings are growing comparatively vigorously. If watering has not been 
done during tillering, it is necessary to carry out irrigation early during 
jointing. Before irrigating, make an inspection of the seedlings and carry 
out an additional application of fertilizer according to their conditions. 
More fertilizer is applied to feeble seedlings and little or no fertilizer 
is applied to healthy seedlings. 


Furthermore, carry out irrigation during the earing period according to the 
moisture condition of the fields. This will cause the formation of uniform 
ears and fructiferous spikelets and increase the number of small flowers. 
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(2) At the end of the jointing and earing period, with temperatures 
rising, all kinds of destructive insects will begin to appear. it is neces- 
sary to make a success of the work of inspecting the fields for insects and 
anticipating and forecasting the appearance of armyworms and if necessary, 
treating and controlling the noxious pests in good time befor they are three 
years old. . 


4. Blossoming and Ripening Stage 


Requisite External Conditions: The suitable temperature is between 16° and 
20°C. Clear weather, relative humidity about 80 percent, and a gentle wind 
are helpful to blossoming and pollination, while moist soil, ample nutrient, 
and relatively great temperature difference between day and night are bene- 
ficial to the accumulation of nourishment and complete fructification. 


Unfavorable External Conditions: Excessive temperatures (upward of 35°C.), 
dry weather, a strong wind, a downpour, continuous rain, heavy fog, all 
hamper the normal pollination of wheat, lower the rate of fructification, 
and easily cause the incidence of diseases. A drought or insufficient mois- 
ture will affect the translocation of nourishment and cause lean grains to 
be produced. In the ripening period, an excess of rain will not only easily 
beat the crop to the ground, but also affect harvesting of the wheat. 


important Cultivation <echniques: After earing and blossoming, the wheat 
plant enters the filling stage. The nutrient in the stal< and leaves of the 
plant is translocated to the spikes and when the ripening process reaches 
midpoint, the dry weight of a seed grain will reach its maximum value. At 
this time the main tasks in field management are to prevent premature wither- 
ing, increase the weight of the seed grains, and harvest the crop at the right 
time. 


(1) In dry areas (or in drought years), irrigating the wheat fielJs 
during the filling stage is extremely important to increasing the number of 
seed grains and making them healthy. In low-lying wet grounds which are 
liable to be waterlogged, it is necessary to make a success of the work of 
draining the fields of water to pave the way for the wheat to ripen under 
normal conditions and to be harvested at the right time. 


(2) It is necessary to continue making a success of the work of treat- 
xd controlling plant diseases and insect pests (chiefly armyworms, wheat 
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(3) Rush-harvest at the right time. Harvesting by cutting the stalks 


vith the grain (both manually and mechanically) should be rushed at an early 

te midway during the ripening period (when the stalks have turned yellow, the 
seades of the spikes are still greenish, and the seed graius appear waxy, but 
have not yet hardened Combine harvesting may be done in the final stage of 
ripening when the seed grains have turned firm. Under the conditions of har- 


vesting on large tracts of land, it is even more necessary to strive fer an 
early harvest in order to avoid grain falling off as it would be in 2 late 
harvest or loss brought on by the start of the rainy season. 
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IV. Corn 
l. Planting and Seedling Periods 


Requisite External Conditions: For the seeds to sprout, the sinimum tempera- 
ture should be 6-7°C. Corn may be planted when air temperature is above 12°C 
and the ground temperature at the depth of 5 cm is 10-12°C. For the young 
sprouts to grow, it is best that the air temperature is above 15°C. The young 
sprouts develop very fast when the air temperature is 18-20°C and the soil 
moisture is abundant. When the soil moisture is 60-70 percent saturation in 
tee field, the requirements for sprouting and for the growth of the young 
seedlings can be satisfied. 


Unfavorable External Conditions: After the seeds have germinated, if the 
temperature drops to below 7-8°C, pathogens can easily infect the sprouts. 

The young sprouts will suffer frost damage if they encounter a low temper..ure 
of -2 to -3°C. Soil moisture below 50 percent saturation or excessively damp 
soil is not favorable for sprouting. Drought or windstorm are not ‘svorable 
for the growth of the young seedlings. 


Important Cultivation Techniques: Corn stalks are large and tall and the 

root systems are very developed; therefore, during the growth and development 
period, a relatively high temperature, a large quantity of moisture and 
nutrients are needed. Surveys have determined that in order to produce 100 
catties of shelled spring corn, 2.57 - 4 catties of nitrogen, 0.86 - 1.2 catties 
of phosphorus, and 2.14 ~ 3.5 catties of potassium must be absorbed from the 
soil. Hence, a sufficient application of basic fertilizer and deep plowing to 
preserve soil moisture are the foundation for a high yield in corn. In regions 
with a short frostfree perio! and only one crop a year, cultivation measures 
for early ripening must be adopted from the spring planting time throughout 

the entire growing season to prevent the fall frost damage from affecting 
maturation. 


The central target of cultivatios during the planting and seedling periods is 
to obtain full, strong seedlings of corn. 


(1) The ground should be timely raked in early spring when it is still cold. 
The soil should be very carefully leveled before planting. Low and easily 
flooded areas should be drained in time. 


(2) The planting depth should be determined according to the moisture condi- 
tion and the quality of the soil. Generally, seeds should be planted deeper 
in dry areas, and shallower in areas of relatively abundant spring rainfall. 


(3) The number of seedlings per mou should be determined by the soil fer- 
tility, the characteristics of the variety, the saline content of the soil, 
and the irrigation conditions. The density of seedlings may be between 2000 
and 3500 [per mou]; tall varieties should be thinner, while the early ripening 
varieties should have a higher density than the late maturing varieties. 
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(4) Final thinning of the seedlings should be timely, beginning generally 
at the three-leaf stage and concluding at the 4-5 leaf stage. in areas of 
severe underground pest problems, thinning may begin at the 3-4 leaf stage 
and finish at the 4-5 leaf stage. 


(5) Corn need not be irrigated during the seedling stage. Irrigation of 
seedlings may be stopped or reduced for a limited period of time as suitable. 
[Ie is believed this will encourage healthy growth and resistance to dry 
weather.}] Interrow cultivation should be carried out early and frequently 

to loosen the soil and eliminate the weeds between the stalks in order to 
promote the downward development of the root system and increase the drought 
resistance of the plant. in this manner the young seedlings will develop a 
strong stalk and large leaves to resist lodging in the later stage of develop- 
ment. 


(6) Corn can easily stay green too long thus delaying maturation. In areas 
of possible frost damage, the young seedlings should be encouraged to grow 
fast. Interrow cultivation should be carried out early, weeding should be 
frequent, and fertilizer applications should be given early. 


(7) Corn does not absorb much fertilizer during the seedling stage. Only 
2.1 percent of the nitrogen, 1.0 percent of the phosphorus, and 2.9 percent 
of the potassium in the total amount absorbed during the entire growth period 
[is consumed during the seedling stage.] Fertilizer for the seedling stage 
may be applied during interrow cultivation after the final thinning of the 
seedlings. If the seedlings are small and weak, more fertilizer should be 
included. 


(8) Underground pests should be timely controlled. 


(9) if spring drought is severe and the soil moisture is less than 5) per- 
cent saturation, furrows should be made for light sprinkling, if conditions 
permit, to prevent the young seedlings from aging. 


2. Spike Evolvement Stage (Noding Stage) 


Requisite Eternal Conditions: The suitable temperature is 24-25°C. Corn 
can develop nodes only when the temperature is above 18°C. The soil moisture 
should be suitably at 70 percent saturation. Clear days with no wind or rain 
storms, and with plentiful nutrients are tavorable for ear evolvement. 


Unfavorable External Conditions: When the temperature drops to below 18°C, 
corn will slow down its growth. Excessive difference in temperatures between 
the night and the day is unfavorable for the growth of corn. Deficient supply 
of soll moisture and sutrients will affect the evolvement of the young ears. 


Important Cultivation Techniques: After having -aterei the noding stage, the 
con plant can grow 2-4 cm every 24 hours, with a maxinum of 7-15 cm. This 
is the main period of its growth and need for water and fertilizer. From 
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noding to blooming the corn absorbs about 51.2 percent of nitrogen, 63.8 per- 
cent of phosphorus, and 97.1 percent of potassium of the total amount absorbed 
during its entire growth and development period. The quantity of ears and 
kernels of the corn is determined by the evolvement and development of the 
inflorescences of the ear; therefore, this is the crucial stage in cultivation 
management of high yield corn. 


(1) Fast acting nitrogen fertilizer should be applied at the onset of the 
noding stage. 


(2) Imirrigated areas, there should be combined with fertilizer application 
an all out attack by digging trenches for applying fertilizer with vater. 


(3) Combined with water and fertilizer, should be the timely implementation 
of interrow cultivation and banking with soil in order to promote the strong 
growth of stems and the perfect development of female ea~<. 


(4) Attention should be given to corn borer control. 
}. Heading and Blooming Stage 


Requisite External Conditions: During the blooming and pollination stage, 
the suitable temperature is 25-26°C, the suitable soil moisture is 70-80 per- 
cent saturation. Clear days with no wind or rain storms are also favorable. 


Unfavorable External Conditions: When the temperature is above 32-35°C and 
the relative humidity is about 30 percent, the pollen will lose its sprouting 
ability in 1-2 hours while the silk will also wither easily. Drizzle and 
cold weather is also unfavoral'e for blooming and poilination. 


Important Cultivation Techniques: During the blooming and pollination stage, 
corn is very sensitive to water and ferrilizer. Its requirements of phos- 
phorus and moisture are especially urgent. Water deficiency will delay the 
silk development of .he ears; the pollination process will be defe tive; 

the rate of empty stalks will be high; and there will be numerous bald ears. 


(1) At heading time, there should be one application of fertilizer for grain 
deve lopment consisting of a combination of fast nitrogen and phosphorus. 


(2) If irrigation is availab.e and if the soil moisture condition is inferior, 
water shouid be timely applie«. 


(3) The work of trimming off ‘neffectual tillers and stems should be continued 
so that the water and fertilizer can be focused on the main stem in order to 
promote large eare and numerous and full kernels. 


(4) Low and easily flooded areas should be drained in time to prevent flood 
damage. 
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S. Filling and Maturation Stage 


Requisite External Conditions: The suitable temperature is 22-24°C and the 
suitable soil moisture condition is 60-70 percent saturation. If in the 
late filling and maturation stage the weather is clear without rain and the 
temperature drops gradually, this is favorable for the formatica and accum- 
lation of starch. 


Unfavorable External Condition: If the temperature is lower than 16°C, the 
kernel will mot fill out. If there is drought or early frost damage, the 
quality and the vield of grains will both be lower. 


important Cultivation Techniques: After the corn has entered the filling 
and maturation stage, the goal is mainly to cause the kernels to be filled 
60 as te increase the weight of the kernels. in areas of early frost, the 
goal will also be promoting early ripening. From blooming to maturation, 
the spring corn generally absorbs 46.7 percent of the nitrogen and 35.2 per- 
cent of the phosphorus of its entire growth and development period. 


(1) in irrigated areas, a suitable amount of water should be applied, if 
the condition warrants, to preserve the good soil moisture condition and to 
provide a favorable condition for the soluble nutrients to be absorbed by 
the root system aud transferred to the kernels. 


(2) Im areas of frequent summer and fall rains, attention should be given 
to digging trenches in the fields for draining the water. 


(3) In order to promote early maturation, the measure of cutting off in- 
effectual stalks may be adopted. 


‘r 


v. Keollang 
l. Planting and Seedling Periods 


Requisite External Conditions: The minimum cemperature for sprouting is 

6 Cc. Keollang may be planted when the ground temperature rises to above 
\V-l2 &. Moist soll, loose on the surface and firm in the lower part, is 
favorable for the seeds to sprout. During the stage of young seedling 


‘rowth, the suitable temperature is 12-18°C. 


ivorable External Conditions: Temperatures of less than 8°C are not favor- 
sole tor the growth of seedlings. A late frost or a temperature of less than 
‘'«} © will darage the seedlings. If the soil is deficient of moisture and 
the weather is dry and windy, it will not be easy for kaoliang to sprout 
ster it is planter. If drizzeiy rain aad low ground temperature persist, 
the planted seeds will roc easily. 
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important Cultivation Techniques: Kaoliang is a relatively drought-resistant, 
flood-tolerant, and saline and alkaline-tolerant crop. Hybrid kaoliang 
possesses strong heterosis, with a well developed root system, fat, thick 
leaves, large spikes, and heavy kernels. If there is deeply plowed soil an/ 
sufficient application of basic fertilizer, reasonable dense planting and 
careful management can assure a very high vield. 


Compared with ordinary kaoliang, the hybrid kaoliang has a shorter rootstock 
and softer sheath and the sprouts are less able to penetrate the soil. The 
white kernel hybrid varieties contain less tannin than the ordinary red 
kernel kaoliang varieties and are less spoil-resistant. If the seeds are 
planted too early, the temperature may be too low for sprouting and the 

seeds can easily develop powdery rot in the soil. For these reasons, care- 
ful ground preparation is needed. The surface should be loose and the bottos 
should be firm. There should be sufficient moisture and planting should be 
timely. Drugs should be mixed wi.h the seeds to control underground pest 
damage and a proper quantity of seed fertilizer should be used. The depth of 
planting should be controlled at 3-4 cm to guarantee the planting cuslity and 
to produce perfect sprouts. If "920" is used to soak the seeds before plant- 
ing, the sprouting rate and vigor may be improved and the bud sheath will be 
better able to penetrate the soil so as to increase the sprouting rate. 


The sprouts should be thinned early (at 3-4 leaf stage) 14 final thinning 
timely (at 5-6 leaf <tage), in order to promote deep roots and strong seed- 
lings. These operations should be carried out with interrow cultivation to 
loosen the soil. The final density of seedlings should be d«termined by 

the soil fertility of the locality, the height of stalk and the tillering 
ability of the variety used. In case of “Chin-cha No 5,” in a field of 
sufficient water and fertilizer, 8000-9000 plants are generally preserved in 
every mou of field. For fields of medium fertility, about 7000 plants per 
mou are more suitable. For dry fields of low fertilit,, 5000-6000 plants 
per mou are more suitable. For a yield of every 100 chin of kaoliang grain, 
it is necessary for the clants to absorb 2.6 chin of nitrogen, 1.4 chin of 
phosphorus, and 4 chin o° potassium. 


2. Noding and Spike Evolvement Stage 


Reyu' site Extcrnal Cmditions: In order to increase the drought resistance 
ability of the crop, stopping or reducing irrigation of seedlings for a 
limited period of time under relatively dry conditions has a definite effect. 
In the 40 days before heading, a high temperature and sufficient moisture are 
needed and the suitable temperature is 25-30°C. 


Unfavorable External Conditions: Aside from the initial stage of growth, 
plants demonstrate a dormant state under drought conditions and will stop 
grewing thus reducing the y'eld. If the temperature is too high, growth 
will also stop. 
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Important Cultivation Techniques: From noding to just before heading, the 
growth of stem leaves is accelerated while the smail spike begins to evolve. 
This is the time a large quantity of nutrients are needed. Fertilizer should 
be timely applied now and the depth of interrow cultivation should be gradually 
deepened combined with hilling of s:il. Im case of low soil fertility and 
meager basic fertilizer, a fertilizer application should be given at the 
noding time and at the appearance of the flag leaf time as well. In fields 

of summer-planted kaoliang and in fields of high soil fertility and sufficient 
basic fertilizer, one application of fertilizer during the spike evolvement 
time is sufficient. If too much fertilizer is applied or if fertilizer is 
applied at the wrong time, ineffectual growth of stems and leaves may result 
causing the plant to remain green and to delay maturation and thus affecting 
the yield. From noding to heading, the axount of moisture required increases 
gradually and the ability to resist drought is correspondingly reduced. 
Wherever there is available irrigation, water should be applied in time. In 
addition, when the cundition of "trumpet mouth" appears, granulated drug 
should be used to prevent and control corn borers. 


3. Heading and Blooming Stage 


Requisite External Conditions: During this stage, the suitable temperature 
is 26-30°C and the suitable soil moisture is 60-70 percent saturation. 


Unfavorable External Conditions: Temperatures lower than 14°C are not favor- 
able for blooming and pollination and neither is excessive drought or excessive 
soil moisture. 


Important Cultivation Techniques: Hybrid kaoliang begins to bloom 3-5 days 
tollowing heading and enters into the starch filling stage immediately there- 
after. If water is deficient during this stage, the yield will be reduced. 
lf irrigation is available, water should also be applied in time to cause 

the kernels to be full, but attention should be given not to apply too much 
water in order to prevent lodging, which may occur if there is wind after 
water application. 


j 


+. Filling and Maturation Stage 


Requisite of External Condition: The suitable temperature is 25-30°C; the 
temperature may be gradually lowered from starch filling to maturation. 
Sufficient moisture and nutrients are favorable for the kernels to become 
full. Clear days, plenty of sunshine are favorable for the seeds to become 
ripe. 


Unfavorable External Conditions: Excessively low temperatures are not favor- 
able for starch filling. Excessively high temperatures will hasten matura- 
tion but the kernels will not be full. Drizzling rain during the maturation 
Stage may cause the seeds to rot or the spikes to sprout. The yield and the 
quality of the grain will be thus affected. 
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Important Cultivation Techniques: The period from starch filling to maturation 
is generally in a season of frequent rains. Draining work in the field should 
be strengthened to prevent root rot, early withering, and shriveled kernels 
from seriously affecting the yield. Under high temperatures and humiditv, 
damage from aphids and army worms occurs easily. Attention shculd be given 

to control these pests, but Dipterex and DDVP should not be used because 

these drugs can cause serious damage to kaoliang. 


VI. Cotton 
1. Planting and Sprouting Stage 


Requisites External Conditions: The minimum ‘emperature for the seeds to 
sprout is 10-11°C. Seeds may be planted when the ground temperature at a 
depth of 5 cm is stabilized at above 12°C. From sprouting to the appearance 

of buds, the soil moisture is best maintained at 55-70 percent saturation. ~-owth 
is possible if the soil is heavy, the ground water table is at about 2-3m, and 
the pH is in the range of 6-9, but growth is the best if the pH is 7-8. 


Unfavorable External Conditions: Drought and windstorm in the north or con- 
tinuous drizzling in the south during the spring are conditions unfavorable 
for planting and sprouting. When the ground temperature is lower than 3-6°C 
during the seedling stage, some of the leaves will suffer from the cold; when 
the temperature drops to -l to -2°C, the seedling dies. If a rainstorm, after 
planting, occurs and the sun bakes the soil hard, the young sprouts will be 
unable to penetrate the soil surface. Low temperature and frequent rain will 
cause delay in growth and infection from anthrax and wilt diseases. 


Important Cultivation Techniques: The major goal during the seedling stage 
of cotton is to promote sprouting, sufficient sprouts, strong seedling 
development, and no missing seedlings. Attention should be specially given 
to underground pest control and seedling disease prevention. There should 
also be prevention of late frost damage. During the seedling stage, the 
cotton plant absorbs 0.78 percent of the nitrogen, 0.59 percent of the phos- 
phorus, and 0.21 percent of the potassium of the total absorbed during its 
entire period of growth and development. 


(1) Land Leveling: In the northern cotton region, emphasis is given to fall 
plowing, winter soaking, and spring reking to preserve soil moisture. In the 
southern cotton region, emphasis is given to interplanting of green fertilizer 
in the cotton field in the fall. The green manure is turned under in the 
middle of March. The field is plowed and raked at the same time and trenches 
are made to form narrow mounds for intercropped cotton. In the rows reserved 
for cotton, the soil is dug and turned for sunning in the winter or is inter- 
planted with green manure, which is turned and pressed down about 20 days 
before the cotton is planted. The general requirement for land leveling in 
cotton fields is deep plowing and raking to break up all lumps. The soil 
should be fine and the mounds should be level. The surface should be loose 
and the cottom should be firm to facilitate irrigation and drainage and to 
establish a good foundation for sprouting and the growth and development of 
the cotton crop. . 
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(2) Fertilizer Application: Generally, in order to reap a harvest of 100 
catties of unginned cotton, it is necessary to absorb from the soil 4.62 
catties of nitrogen, 1.6 catties of phosphorus, and 4.81 catties of potassium. 
For cotton fields without green manure as the basic fertilizer, compost, 
stable fertilizer, cake fertilizer [residue from cotton seed oil extraction, 
etc], chemical fertilizer, or 5406 microbial fertilizer should be used as the 
seed fertilizer in the planting furrows, but the fertilizer must not be in 
direct contact with the seeds to prevent burned sprouts. 


(3) Seed Treatment: Cotton seeds should be planted, grain by grain, and be 
sunned 3-5 days before planting in order to improve their vigor. Before 
planting, it is also necessary to treat with disinfectant drugs. 


(4) Sowing: Cotton may generally be planted when the ground temperature at 
a depth of 5 cm is stabilized at above 12°C (it should be 14-15°C in saline 
or alkaline soils). In the north a plin may be formulated to plant cotton 
before the last frost for sprouting after the last frost. In the south, 
where there is frequent spring rain, planting should be delayed until the 
ground temperature is stabilized at above 15°C. Generally 8-15 catties of 
seeds should be planted in each mou. Regarding the depth of planting, it 
should be 4-6 cm in the northern cotton regions and 2-3 cm in the southern 
cotton regions. Planting should be straight and even, with an even layer of 
soil cover. The moisture contact is better in this manner. 


(5) Management After Germination: Promoting growth during the seedling 
stage, is main concern. To do so one must grasp the "five~-earlies" well: 

l. Early inspection of missing seedlings: If there are missing seedlings, 
seeds should be vernalized for supplement planting, or seedlings may be 
transplanted from beds to fill in the missing spots. 2. Early stabilization 
of seedlings: Thinning should begin when 80 percent of the sprouts have 
appeared; and seedlings should be thinned one more time after all sprouts 
have appeared. When 1-2 true leaves appear, the final thinning of seedlings 
should be done. The density of seedlings to be preserved should be deter- 
mined according to the local conditions. In the southern cotton regions, it 
is generally 4000-7000 stalks per mou; in the Northwest it is generally 
9000-12000 stalks/mou. 3. Early application of seedling fertilizer: Holes 
should be rade to apply fertilizer according to the condition of growth of 
the cotton seedlings in order to promote the early appearance of buds. In 
intercropped cotton fields, there should be one application of chemical 
fertilizer, 7-10 days before the preceding crop is harvested. 


/ 


4, Early interrow cultivation and seeding: Cultivation should be carried 
out from shallow to deep, with frequent hoeing and raking. In case of 
interplanted cotton, interrow cultivation after the harvest of the preceeding 
crop should be timely to eliminate stubble and weeds, to raise the ground 
temperature, and to loosen the soil. 5. Early control of diseases and pests: 
During the seedling stage, the targets are mainly seedling stage diseases, 
aphids, thrips, and moles. In addition, attention should also be given to 
prevention of natural calamities. For example, in the south, if there is 
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drizzling rain, attention must be given to opening trenches for drainage in 

order to reduce the ground water table and soil moisture. Interrow cultiva- 
tion should be carried out in a hurry whenever there is a clear day so as to 
sun the soil and thus raise the ground temperature. In saline and alkaline 

regions, after a rain, the tight soil surface should be timely broken up to 

prevent alkaline damage. 


2. Buds Appearance Stage 


Requisite External Conditions: There should be plentiful of sunshine with 

a daily mean air temperature of about 25°C and a soil moisture of 60-70 per- 
cent saturation. Under these conditions, buds appear very fast and grow 
tightly together. If interrow cultivation is strengthened, the soil kept 
loose and there are no weeds or disease and pest damage, the buds will appear 
earlier. 


Unfavorable External Conditions: When the soil moisture is less than 50 
percent saturation, the number of buds will be reduced. Continuous drizzling 
will cause the cotton plant to grow ineffectually and the appearance of buds 
will be delayed. High temperature and drought will limit growth. When the 
mean air temperature is less than 19°C buds will not appear. Numerous weeds 
and severe pest damage will affect the appearance of buds. 


Important Cultivation Techniques: The major goal of cultivation measures is 
to promote the early appearance of buds, to prevent ineffectual growth, and 
to reduce falling bolls. From the appearance of the true leaves to the 
appearance of buds, the cotton plant absorbs 9.96 percent of the nitrogen, 
5.21 percent of the phosphorus, and 1.9 percent of the potassium of the total 
absorbed during the entire growth and development period of the plant. 


(1) Deep Interrtw Cultivation and Frequent Weeding: The depth of interrow 
cultivation should reach 10-18 cm. Not only should all the weeds be removed 
between the plants and surrounding the seedlings but the soil should also 

be loosened so that there is no such condition as packed soil or spreading 
weeds. 


(2) Deep and Firm Application of Bud Fertilizer: In the case of intercropped 
cotton crop, due to the effect of the previous crop, the growth is generally 
weaker and a general application of fertilizer is needed during the bud stage 
to promote the growth of the cotton seedlings. In other cotton fields, addi- 
tional fertilizer application may be given according to the condition of 
growth of the cotton. 


(3) in the northern cotton regions, timely and suitable quantities of water 
should be applied depending upon the condition of the soil moisture. The 
technique of watering in alternate furrows may generally be adopted so that 
the ground temperature may not be excessively reduced. 
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(4) Trimming off leaves and branches: Trimming should begin when the 
first fruiting branch is 15 cm in length and the trimming operation should 
be completed in 2 to 3 times. Trimming must be clean and thorough in order 
to reduce the consumption of nutrients. 


(5) Emphasizing Disease and Pest Control: During the bud stage, it is mainly 
to prevent and control red spiders, blind weevils, boll worms, wilt, and 
yellow wilt, with some attention to the control of other diseases and pests. 


3. Cutton Boll Stage 


Requisite External Conditions: Clear days of a daily mean temperature of 
25-30°C are suitable. The minimum temperature must be above 16°C. The soil 
moisture should be 70-80 percent saturation and the air humidity should be 
about 60 percent. If nutrients are sufficient, more bolls will form after 
blooming. 


Unfavorable External Conditions: Temperatures of either above 40°C or 
lower than 16°C are unfavorable for blooming and pollination. When soil 
moisture is below 55 percent saturation, the deficiency of moisture will 
cause the bolls to fall in increasing numbers. Rain storms and continuous 
drizzling are unfavorable for blooming and pollination due to deficiency of 
sunlight. Insufficient nutrients and improper management will cause the 
bolls to fall easily. 


Important Cultivation Techniques: This is the height of growth for the cotton 
plant and its requirements for both fertilizer, and water are great. From 

the appearance of buds to blooming, the cotton plant absorbs 52.76 percent 

of the nitrogen, 28.8 percent of the phosphorus, and 17.29 percent of the 
potassium of the total absorbed during its entire period of growth and 
development. The central theme of cultivation management is to promote 
numerous flowers to form more bolls, reduce falling bolls, and prevent the 
rows from being enclosed too early by the leaves. 


(1) A Heavy Application of Boll Fertilizer: When the cotton plant has 1-2 
young bolls, fertilizer should be heavily applied once, either by machine 
or by manucily digging holes at about 15 cm from the seedling to a depth of 
10 cm. 


(2) Careful Trimming: (a) Trimming off the tips: In the cotton regions 

of the Northwest, North China, and the Yangtze Valley, this is generally per- 
formed from mid to late July and never later than the beginning of autumn. 
This operation should be carried out in batches according to the growth 
condition of the plants. (b) Trimming off the sides: In ordinary fields, 
the side branches of the lower part of the plant are trimmed first to retain 
2-3 nodes on every branch; 3-4 nodes are retained on the branches of the 
center part. In the upper part, the side trimming is carried out after the 
tip has been trimmed. On each branch, 2-3 nodes are retained. (c) Eliminate 
ineffectual buds: This work should be performed in batches and must be done 
thoroughly. (d) Trimming off empty branches and old leaves: In shady 
cotton fields, empty branches should be trimmed off and the leaves of the 
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middle and lower parts of the main stem should be removed to improve ventila- 
tion and light penetration and to reduce rotten bolls. (e) Debud ineffec- 
tual flower buds. 


(3) Drought and Flood Prevention: In the inland cotton region of the North- 
west, the time to irrigate and the time to stop water application must be 
mastered (generally water application should be stopped 40-50 days before the 
frost). In the north, this is the rainy season, but occasionally summer 
drought may appear. In the south, this is t+« summer drought time, but there 
may also be sudden rain storms. For this reason, there should be drought as 
well as flood p.ievention measures. The number and quantity of water applica- 
tions must be mastered according to the weather changes and the soil moisture 
condition. 


(4) Interrow Cultivation and Hilling of Soil: Imnterrow cultivation must 
continue during the boll stage, but the depth should be reduced; hilling of 
soil should be gradually accomplished during interrow cultivations. 


(5S) Persistent Disease and Pest Prevention and Control: The target is mainly 
cotton weevils, red weevils, red spiders, wilt, and yellow wilt, with some 
attention to other diseases and pests. 


4. Open Boll Stage 


Requisite External Conditions: Clear days, with plenty of sunlight and a 
daily mean temperature of 20-30°C, and a soil moisture of 55-70 percent are 
suitable. In the late stage, if the temperature is higher and the soil, 
relatively dry, the boll stage may be shortened causing the fiber to burst 
open very nicely. 


Unfavorable External Conditions: Frequent rains and high humidity will in- 
crease the rate of rotten bolls. The plant will easily grow excessive vece- 
tation delaying maturation. When the soil moisture is below 40 percent 
saturation, the cotton plants stop growing. If the temperature drops to 
below 10-12°C in the late stage of growth, the fiber will become shorter, 

and the bolls often cannot mature normally. When the ground surface tempera- 
ture drops to 0-2°C, a portion of the leaves will be damaged; when it drops 
to -l1 - -2°C, the plants will freeze to death. 


Important Cultivation Techniques: From blooming to maturation, the cotton 
plant absorbs 36.5 percent of the nitrogen, 65.4 percent of the phosphorus, 
and 80.6 percent of the potassium absorbed during its entire growth and 
development period. Management after the boll opens centers on the preven- 
tion of rotten bolls, promotion of early maturation, and prevention of early 
withering. The goal is to increase the weight of the bolls and to improve 
the quality of the seed cotton. 
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(1) Spraying phosphorus and nitrogen fertilizers outside of the root system: 
From mid-July to mid to late August, based upon the growth of the cotton 
plants, a 2 percent calcium perphosphate solution and a 2 percent urea 
solution may be sprayed with pest control drugs. If the plants are growing 
very vigorously, the spray should contain phosphorus fertilizer but not 
nitrogen fertilizer. 


(2) Prevention of Rotten Bolls: In southern cotton regions, the work of 
cleaning the trenches for drainage during rainy days should be emphasized 
and old leaves should be removed. These measures will reduce the rate of 
rotten bolls. 


(3) Continued prevention and control of late stage diseases and pests: The 
target is mainly cotton weevils, red weevils, cotton leaf cicadas, with some 
attention to other diseases and pests. 


(4) Careful harvest and careful picking to improve the quality of the cotton 
and to prevent losses. 


VII. Soybeans 
1. Planting and Seedling Stage 


Requisite External Conditions: The minimum temperature for sprouting is 
6-7°C and the most suitable temperature is 25-31°C. Spring soybeans may be 
planted when the ground temperature at a depth of 5cm is above 10°C. Moist 
soil, with a loose surface and firm bottom and good ventilation are favorable 
for the sprouting and growth of soybeans. 


Unfavorable External Conditions: When the temperature drops to -5°C, young 
seedlings will be damaged. During a drought, sprouting is slow. If the 
soil moisture is excessive and the soil ventilation is poor, the seeds will 
not germinate and will even become rotten. 


Important Cultivation Techniques: Soybeans are bushy plants with many flowers 
and many pods. The seeds are rich with oil and protein. There must be plenti- 
ful fertilicer and water for high yields of soybeans. Generally, in order to 
produce a yield of 300-400 catties of soybeans per mou, 24-32 catties of 
nitrogen, 5-6 catties of phosphorus, and 7-9 catties of potassium are 
required. The root system of soybeans has nodules to fix the nitrogen in 

the air for the use of the plant, but this process can satisfy only 1/3 to 

1/2 of the needs of the plant and fertilizer must, therefore, be applied to 
supplement the rest. During the seedling stage, the soybean plant absorbs 
about 20 percent of the total nutrients it needs in its entire period of 
growth and development. 


Cultivation measures during the planting and seedling stage of soybeans are 
first of all to guarantee full, even, and strong seedlings thus establishing 
a foundation for high yields. The characteristics of strong seedlings are a 
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well developed root system, straight and robust stems, short internodes, fat 
and large leaves of dark green color, and no disease or pest damage. Secondly, 
the measures are to eliminate the weeds early, during the germination stage 

of the crop to create the condition for active weed extermination in the 
remaining season. 


The concrete cultivation measures during planting and seedling stage of soy- 
beans are as follows: 


(1) Soybeans are a crop with straight roots which need a thick and loose 
plowed layer of soil. It is better that the previous crop is wheat; heavy or 
overwintering crops are not suitable. After the harvest of the previous 
crop, the soil should be plowed early and deeply to sun the soil and improve 
its maturity. A rake should be used to break up the lumps and level it. 


(2) Sufficient quantity of basic fertilizer should be applied in layers uur- 
ing the fall plowing and soil preparation operations. When the seeds are 
planted, seed fertilizer should be used. Seed fertilizer consists mainly 

of phosphorus; sometimes it may also be a combination of phosphorus and 
nitrogen. Ina dry region of thin soil, the ratio of nitrogen fertilizer 

may be higher. The seed fertilizer should be applied on the lower side of 
the seed so as to be easily absorbed by the roots. Attention should also be 
given to preventing the seeds from being burned by the chemical fertilizer. 


(3) Superior varieties of high-yield and lodging-resistant characteristics 
should be selected. Seeds should be strictly selected to improve their 
quality. Before planting, the seeds should be mixed with root tuber bacteria 
Or ammonium molybdate; the latter can promote the growth of root nodules to 
increase the nitrogen fixing action and to accelerate the absorption end 
utilization of phosphorus fertilizer. Generally, 30 g of ammonium molybdate 
is used for every 100 g of soybean seeds. The chemical should be dissolved 
in about 3 catties of hot water before mixing the seeds in the cooled solu- 
tion. The treated seeds should be dried in the shade before planting. 


(4) Fields of spring planted soybeans should be drained when the 3-5 cm 
layer of fall plowing is thawed in order to increase the temperature of the 
soil moisture and promote the thaw. This measure may also induce grass to 
grow on the surface layer. Before pianting soybeans, based upon the condi- 
tion of the weeds, an interrow cultivation machine may be used to remove them. 


(5) Spring planted soybeans should be planted when the ground temperature at 

5 cm reaches 6-8°C. The planting density should be determined by the locality, 
the variety, the soil fertility, and the form of planting. Generally 20-30 
thousand plants per mou should be retained. The quality of planting involves 

a uniform row distance and depth of planting. If conditions permit, the 
technique of precise equal distant point planting may be adopted, or the 
planter can be converted for dual-drill planting. During the seedling stage, 
manual weeding and manual thinning of the seedlings can improve the evenness. 
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(6) When the annual weeds have sprouted, the soybeans will have germinated 
but the sprouts will not have penetrated the soil surface. A spike-tooth 
harrow should be used to remove the weeds when the first leaf is still 2-3 cm 
below the ground surface. When the annual weeds have developed leaves, the 
soybeans have penetrated the soil surface but the true laves have yet to open. 
The interrow cultivator may be used at this time to cover the space between 
the seedlings with soil to stop the growth of the weeds. The soil cover must 
not exceed 3 cm, however, otherwise, weak seedlings or missing seedlings will 
result. After the soybeans true leaves have opened, a spike-tooth harrow may 
be used to weed diagonally. Fields which have had interrow cultivatica can- 
not be harrowed in the above manner, however, otherwise the seedlings may be 
damaged by the harrow. Aside from machine weeding, chemical weed killers may 
be sprayed before the soybean seedlings appear. 


2. Tillering Stage 

Requisite External Conditions: The suitable temperature is 20-25°C and the 
suitable soil moisture is 70 percent saturation. Long days with sufficient 
light exposure are favorable for the growth of soybeans. 


Unfavorable External Conditions: When the temperature drops to 14°C, soy- 
beans stop growing. Neither drought or excessive soil moisture are favorable 
for the growth of soybeans. 


Important Cultivation Techniques: After the appearance of the third true 
leaf (i.e. the first compound leaf) the soybean plant enters the tiller 
formation and flower bud evolvement stage. This is the stage when the plant 
gradually transforms from nutritional growth to reproductive growth. The 
cultivation technique should promote the strong growth of the plant as well 
as a well-developed root system so as to improve tillering and bud evolution 
thus forming a good foundation for increasing the number of pods. It is not 
suitable to allow the above ground portion of the plant to become too full, 
however, in order to avoid the early enclosure of the space Detween rows. 
Early enclosure will create a large quantity of falling flowers and pods. 


(1) Interrow cultivation and deep interrow cultivation (in clay soil the 
first interrow cultivation should be shallow; henceforth, the depth should 
be gradually increased) should be carried out early. Generally, after the 
seedlings have been harrowed and the first compound leaf has appeared, the 
first interrow cultivation should follow (the first interrow cultivation may 
be carried out even earlier if the seedlings are not harrowed.) 


(2) Frequent interrow cultivation to carefully remove weeds should be 
‘arried out. in addition to manual weed removal, when the soybeans are 

15-20 cm in height (about the time of second interrow cultivation), the soil 
should be banked to form “head-touching mounds," (i.e. the mounds formed by 
the banked soil on both sides of the seedling should just touch one another) 
in order to bury the weeds between the seedlings. If there are signs of 
Cuscuta japonica, chois var thyrsoidea Engelm, such herbicides as Lu-pao No l 
may be used for prevention and control. 
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(3) Aside from severe cases of drought, irrigation during this period is 
not suitable so that excessive vegetation may be prevented and the root 
system may be encouraged to develop. 


3. Blooming and Pod Formation Stage 


Requisite External Conditions: The suitable temperature is 25-28°C. In the 
initial blooming time, the soil moisture should be maintained at 70-80 per- 
cent saturation. Full sunshine and good ventilation and light penetration 
are favorable for blooming and pod formation. 


Unfavorable External Conditions: When the temperature is below 23°C or above 
29°C, it is unfavorable for blooming. Drought is also unfavorable for bloon- 
ing and pod formation. Poor ventilation and deficient daylight can cause the 
flowers and pods to fall easily. 


Important Cultivation Techniques: The blooming and pod formation stage is 
the height of growth in the life of the soybean. The nutrients absorbed 

by the plant during this stage is about 60 percent of the total absorbed dur- 
ing the plant's lifetime. Nitrogen and potassium absorption is especially 

at a peak and the plant's moisture requirement is also high. The key culti- 
vation measure of this stage is to satisfy the needs of the soybean for its 
growth in every aspect in order to increase the number of flowers, protect 
the pods, and reduce the number of falling flowers and pods. 


(1) In the beginning of the flowering stage, fertilizer should be applied 
according ta the condition of the plants. This fertilizer application has 
important fuxction in increasing the number of flowers and protecting the 
pods. The application may be combined with interrow cultivation and hilling 
work. The fertilizer should be mainly nitrogen, combined with phosphorus 

and potassium. If the seedlings are prosperous, less fertilizer should be 
applied; if the seedlings are weak, more should be applied; less for fertile 
fields and more for infertile fields. The branches should be prevented frum 
becoming too crowded otherwise a large quantity of flowers and pods will fail. 


(2) Irrigation and drainage should be managed well to maintain a proper 
moisture condition in the field. Irrigation should be carried out at the 
beginning of the flowering stage. Generally water application is not suit- 
able at the height of the flowering stage, so that the ground temperature 
will not be reduced. In that case, the flowers and pods will fall. Irri- 
gation is best carried out in every other row. 


(3) Field management should be strengthened. Such measures as interrow 
cultivation, soil hilling, and weeding should be carried out before the space 
in between the rows of plants is enclosed, but the cultivation should not be 
too deep so as to prevent the roots from being damaged. The management 
technique should mainly be using soil hilling to eliminate weeds and to raise 
the mounds for drought and flood prevention. If the weeds are developing 
heads, they should be pulled out to prevent the weed seeds from ripening and 
falling on the ground. This measure is favorable for good ventilation and 
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light penetration as well. In addition, the work of forecasting pod borers 
should also be carried out well. The measure of using DDVP for fumigation 
may be adopted to exterminate the adult insects before they lay eggs. 


4. Pull Pod and Maturation Stage 


Requisite External Conditions: The suitable temperature is 21-22°C. Under 
such a temperature, the oil content of the seeds will increase. If the soil 
moisture is suitable, the seeds will be full. If the days are clear and 
cloudless, maturation may be faster. 


Unfavorable External Conditions: Early frost or sudden changes of temperature 
are both unfavorable for pod formation and maturation. When the temperature 
drops to -1°C, the plant will freeze and die. If there is too much rainfall 
during the maturation stage, the harvest work will be obstructed and the seeds 
will easily become moldy and rotten. 


Important Cultivation Techniques: (1) Attention should be given to p 
adjustment of soil moisture. Drainage and flood prevention should be empna- 
sized in low and damp areas. In dry areas, there should be proper irrigation 
to guarantee nutrient absorption and transfer so as to increase the weight 

of the grains and to promote early maturation. Measures should be such as 
to prevent the plants from remaining green too long or from withering too 


early creating empty pods. 


(2) Harvesting should be on time. When the leaves fall, the seeds are 
separated from the pods, and a noise can be heard when the pods are shaken. 
This is the time for harvesting. In dry areas and during dry years, manual 
harvesting or machine harvesting combined with sunning may even be earlier 
in order to prevent the pods from bursting due to delayed harvest. 


VIII. Sugar Beets 
l. Planting and Seedling Stage 


Requisite External Conditions: Seeds of sugar beets can germinate when the 
temperature is at 2-3°C; the most suitable temperature for germination is 
15-20°C. In order to have a longer period of growth, planting can generally 
be carried out when the ground temperature at a depth of 5 cm reaches about 
5°C. The most suitable temperature for the growth of the young sprouts is 
14-19°C. The best soil moisture for germination is 80-80 percent saturation. 


Unfavorable External Conditions: If the spring is dry and windy and if the 
soil moisture is deficient, germination will not be complete, and dry seed- 
lings and missing seedlings will occur. The growth of the surviving seedlings 
will not be vigorous and the tender leaf stage will be prolonged in such a 
manner that they become “old root seedlings.” After planting and before 
germination, rains can cause the soil surface to be hard and the young sprouts 
may not be able to penetrate through the surface. 
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Important Cultivation Techniques: During this stage, the central goal of 
cultivation measures is to ensure the survival of all the seedlings. Before 
planting, the land should be well prepared to preserve the soil moisture. 
The quality of planting should be improved. Measures should be taken to 
prevent and control diseases and pests of the seedling stage. The above 
steps are necessary to prevent missing seedlings. 


(1) Deep plowing and carefu] * ‘ing of the soil can preserve soil soisture. 
In dry areas, the soil moig sre condition will be better in the spring if 
there is irrigation before plowing in the fall rather than irrigating after 
fall plowing. The sugar beet can also be planted earlier. If spring irri- 
gating is practiced, deep plowing and raking are necessary to preserve the 
soil moisture. 


(2) During the plowing and raking operations, a sufficient amount of basic 
fertilizer should be applied. During planting time, cal-ium perphospha: 
should be used to make a granular fertilizer which can be applied ae seed 
fertilizer. In order to produce 1000 catties of sugar beet root tvbe:s, it 
is necessary to absorb from the soil 5 catties of nitrogen, 1.4 catties of 
phosphorus, and 6 catties of potassiun. 


(3) During ~‘e seed selecting process, a polisher should be used to make 
the seeds smh and shiny. Seeds will thus be more evenly planted and 
missing seedlings will be prevented. 


(4) The young sprouts of sugar beets are not very capable of penetrating 
the soil surface. The depth of planting should, therefore, generally not 
exceed 5 cm. If the soil is loose and the moisture condition is poor, 
pressing after planting can improve the moisture condition. If it rains 
after planting, the soil surface should be loosened to break the hard crust 
which affects sprouting. 


(5) Seeds should be mixed with 0.8 - 1.0 percent 3911 (a methy! phospho us) 
and be covered for 24 hours to control pests of the seedling stuge. 


(6) Seedlings should be thin from the time of 2 true leaves to the time of 
5 true leaves. The density of seedlings should be determined by the condi- 
tion of the locality, generally 4000-7000 plants per mou. If fertility is 
low, the saline or alkaline content is high, and it is dry with no irriga- 
tion, the density should be higher. 


(7) As soon as young sprouts appear, interrow cultivation and weeding 
should be carried out immediately. Irrigation during the seedling stage 

is not suitable. Without irrigation, the root syetem is encouraged to grow 
deeper in the soil. 


(8) During the seedling stage, sugar beets absorbs 15-20 percent of the 
nutrients absorbed during its entire growth and development period. After 
the seedlings are thinned, fertilizer may be applied once more, using pri- 
marily nitrogen, combined with a small amount of phosphorus. 











(9) Seedlings should bc examined and replaced wherever they are missing, 
using soaked and vernalized seeds or transplanted seedlings from beds. 


2. Vigorous Stage 


Requisite External Conditio:s: ‘Sufficient supplies of water and fertilizer 
can cause the leaves to grow iast, last longer, and develop into a larger 
leaf-area. When the soil temperature at a depth of 20 cm is 24°C and the 
soil moisture is 60-80 percent saturation, this is the most favorable con- 
dition for the growth of the leaves and the formation of root tubers. The 
neck leaves grow very fast when the daily mean temperature is 20-25°C. 


Unfavorable External Conditions: If the soil moisture is excessively high 
and the soil becomes too damp temporarii<, i.e. if the soil moisture is 

85-90 percent saturation, the growth of «he root tubers is obstructed and 
they will suffocate, rot, and finally .i*. If the water supply is deficient, 
however, the growth of the roots and 1s 4 wi!l slow down. The leaves will 
become straight and the roots small with !):resased lignification. The 
quality will be lower. Under high temperature and high humidity, the venti- 
lation in the field will be poo: and damage from diseases and pests will 
easily occur. 


Important Cultivation Techniques: The vigorous stage of sugar beets is 
the important time for leaf growth and root tuber formation. The cultiva- 
tion measures are mainly for promoting the growth of leaves and roots. 


(1) Interrow cultivation and weeding to ~aise the ground temperature is 
favorable for the leaves and root tubers to expand and extend. From the 
time the seedlings are thinned to the time the field is enclosed, sugar 
beets should have 3-4 interrow cultivations and 2-3 manual weedings. The 
cultivation should reach a depth of 14-16 cm, while the cultivation just 
before closing should be no shallower than 18 cm, and at the same time 
there should be high soil hilling. 


(2) The vigorous stage is also the time when sugar beets require the 
greatest amount of water and fertilizer. When the sugar beet is 70-95 days 
of age, it absorbs 54-72 percent of the nitrogen, 34-50 percent of the phos- 
phorus, and 46-53 percent of the potassium of the total absorped during its 
entire growth and development period. Before enclosure, interrow cultiva- 
tion should be combined with opening trenches for irrigation and a second 
application of fertilizer. For this application, the fertilizer should be 
mainly phosphorus, with some nitrogen. If conditions permit, a proper amount 
of potassium may also be added to promote the accumulation of sugar content. 
During the vigorous stage the water requirement of the sugar beet may reach 
50-60 percent of the total water needed during its entire period of growth 
and development. in areas with irrigation, water application should be 
delayed during the seedling stage, be very frequent during the middle stage, 
and be very sparse during the late stage and used only as a supplement. 
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During this stage, aside from preventing the sugar beet from being damaged 
by drought, water should not be supplied in excess either, because the sugar 
beet is a crop that likes dampness and yet is susceptible to flooding at 

the same time. If water accumulates on the ground, the roots will rot and 
the sugar beet will die. 


(3) If white powdery mildew d.sease or other disease spots are discovered, 
chemicals should be immediately sprayed for prevention and control. 


3. Root Tuber Growth and Maturation Stage 


Requisite External Conditions: During this stage, the daylight hours shou'd 
be long, the temperature differential between day and night should be preat, 
the weather should be cool. A daytime temperature of 15-20°C and night 
temperature of 5-7°C are most favorable for sugar accurmlation and accelerated 
ripening of the root tubers. 


Unfavorable External Conditions: if sugar beet is intercropped wi.u other 
crops, especially corn or kaoliang, which are crops with tall stalks, the 
intensity of light in between rows will be reduced and hours of light 
exposure will be shorter as well. Under that condition, the ground tempera- 
ture will be lower during the day, and the temperature differential between 
night and day will be less. These conditions will affect the yield and the 
sugar content of the sugar beet. 


important Cultivation Techniques: In the late stage of growth, the sugar 

beet's water and fertilizer requirements are generally reduced. Fertilizer 

application may be omitted or very little fertilizer applied. Due to the 

fact that ground surface and leaf surface evaporation is correspondingly 

reduced, the soil moisture should also be controlled to maintain a proper 

moisture content. In irrigated areas, water application should be stopped 

about 20 days before harvesting, otherwise digging up the plants and cutting 

will be difficult. Since diseases may also occur in August, prevention and 

control measures should continue. When the leaves of the lower part of the ‘ 
sugar beet turn yellow and wither and the leaves of ot‘ver parts of the plant 
become lighter in color, drvop, and shrink, this is the time for harvesting. 
in Heilungkiang and Sinkiang, harvesting is better from the later part of 
September to early and middle October. The cutting operation should be 
carried out according to regulation. It is best not to leave any green tips. 


Irrigation of Crops 
I. Transpiration Coefficient of All Kinds of Crops 
Transpiration coefficient is the amount of moisture consumption in the pro- 


cess of forming dry substances of a unit weight measure. The transpiration 
coefficients of major crops are as follows: 
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Transpiration Transpiration 

Crops Coefficient Crops Coefficient 
Wheat 270-600 Corn 250-450 
Barley 400-650 Kaoliang 250-300 
Oats 450-850 Paddy rice 400-800 
Buckwheat 500 Millet 180-350 
Cotton 380-650 Cabbage 250-600 
Sugar beet 300-380 Watermelon 570-600 
Flax 400-900 Muskmelon or melon 600-620 
Hemp 450-756 Pumpkin 700-800 
Potato 300-600 Cucumber 700 
Sunflower 500-580 Tomato 500-650 
Soybeans 744 Clover 600-1000 
Garden pea 600-750 Fruit trees 250-500 


Il. Water Requirement Condition of Various Growth Stages of Several Crops 








Suitable soil moisture 
as a Z% of the maximum 
saturation of the 


Water needed in 
this stage as a 


Stages of growth % of the total 





Crops and development water required field 
Paddy rice greening - tillering 17 - 
tillering - noding 29 - 
noding - heading 16 - 
heading - milk ripe 15 - 
milk ripe - maturation 23 - 
Winter wheat young sprout 5.0 60-80 
tillering - noding 14.4 60-80 
noding - spike evolve- 
ment 19.2 70-80 
spike evolvement - 
heading 25.3 70-80 
heading - blooming 6.1 80-85 
blooming - maturation 30.0 60-80 
Spring wheat young sprout 13 60-80 
tillering - noding 10 70-80 
noding - heading 35 75-80 
heading - starch filling 24 70-85 
starch filling - 
maturation 18 60-70 
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{Table continued ] 


Water needed in Suitable soil moisture 
this stage as a as a Z% of the maximum 


Stages of growth % of the total saturation of the 





Crops and development water required field 
Corn young sprout 9 60-75 
noding 31 65-75 
spike evolvement 15 70-80 
heading 18 70-80 
starch filling 22 60-70 
maturation 5 60-70 
Kaoliang young sprout 20 60-75 
noding 30 65-75 
heading 25 60-70 
starch filling 20 50 
maturation 5 60 
Soybean young sprout - tillering 9 S 60-70 
tillering - blooming 7 60-70 
blooming - pod formation 35 70-80 
pod formation - starch 
filling 32 60-65 
starch filling - 
maturation 17 60-65 
Cotton young sprout 12.2 60-70 
appearance of buds 14.7 60-70 
blooming and boll 
formation 46.1 70-80 
open boll 27 55-70 
Sugar beet young sprout 12 60-70 
vigorous stage 53 60-80 
root tuber maturation 
stage 35 65-75 


III. Irrigation Systems 


An irrigation system means a system with a number of water applications, 
periodic water application, a method of water application, quantity of water 
in each application, and total quantity of water to be applied so that 
rational irrigation can be carried out for the purpose of obtaining high 
and stable yields under given weather, soil, hydro-geological, and agricul- 
tural technological conditions for a certain crop. 
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(i) The total quantity of water to be applied: This is the difference 
between the total amount of water required for the crop during its entire 
period of growth and development and the amount of natural water (such as 
effective precipitation, available ground water, etc.), i.e. the amount of 
water to be supplemented by irrigation. 


(ii) The quantity of water in each application: This is the amount of 
water to be used in each irrigation. In principle, the sum of the water 
applied and the soil moisture content must not exceed the maximum saturation 
of the soil, otherwise the excess will seep into the lower layers of the 
soil and will not be able to be absorbed by the roots of the plants. 


The weather, soil, and hydro-geological conditions of the various regions 
are very different. The agricultural season, the crop variety, the hydro- 
logical condition, and the irrigation technique are also different. There- 
fore, a different irrigation system must be adopted for the same crop in 
different regions in order to be suitable to the local conditions. 





IV. Irrigation Planning 


Irrigation planning should include the application of water during the growth 
and developmental stages of crops and during non-growing periods (for example 
irrigating before sowing and using stored water to irrigate during the fall 

and winter) and irrigation used for leaching the saline content from the soil. 


Irrigation planning should, through balancing and calculation, be based upon 
the crop cultivation plan, the crop irrigation plan, the predicted amount of 
available water. At the same time, there should also be consideration of 

the water transporting ability of the channels, the method of water distribu- 
tion, manpower, animal power, the condition of mechanized equipment, and the 
agricultural work plan (such as fertilizer applications, and interrow culti- 
vation). In dry saline, or alkaline regions, agricultural production cannot 
be launched before leaching the soil; therefore, there must be plans to 
balance soil and water and to adjust the crops according to a principle of 
“determining the land according to the water, and planting on the basis of 
water.” Ia the process of implementing the irrigation plan, changes in the 
weather, the source of water, and other conditions often require correspond- 
ing revisions in the irrigation plan. In order to adjust to this situation, 
when the irrigation plan is compiled, there must be a periodical balancing 

in the annual planning process. The plan for the period is used as the basis 
for implementation. 


In formulating the irrigation plan, the net flow volume (Q) required for 
each water application of the various crops must first be calculated: 


391 

















Q= a= 60 Tt (s" Jose) or jae (liter/second) 


m- amount of water to be used in irrigation (m?/mou) 
W - area of irrigation of a certain crop (mou) 

T - number of days of water application 

t - number of hours of water application per day 


Ww 


gaz (liter/second) 


If water is applied day and night, then Q = 


For the convenience of computation and practice, related numerical illustra- 
tions are given in the following table. 


If several crops are irrigated simultaneously in the same irrigation section, 
the flow volume in the channel should be the sum of the {low required by .1l 
the crops, but, due to the fact that the beginning and end of the water 
application for these crops are different, the method of adding the various 
amounts of required water is not feasible. There should be a table of 
required amounts of water to indiczte the facts. The technique is to use a 
horizontal coordinate to represent the dates of water application for all 

the crops, and a vertical coordinate to represent the net flow volume (not 
including losses due to seepage of the channel system and transport loss). 
The net flow volume for each crop is marked on the table with different 
symbols and in an identical scale according to the time sequence. At the 
same time, a line representing the net flow capacity of the channel is also 
marked (as in Fig 7-1.) If there is no data of water transport loss of the 
channel, it is generally assumed that the net flow of a channel is calculated 
as 65-75 percent of the gross transport capacity. 


From the water requirement tables, it may be observed that the variation 

of the required flow volume in the channel is very great, exceeding the trans- 
port capacity line in some cases. Sometimes, it is necessary to stop the 
water flow altogether. The situation is very uneven. For this reason, it 

is necessary to readjust the dates of water applications under the principle 
of not affecting the requirements of agriciltural technique. The duration of 
water application may be lengthened so that the peaks of water requirement 
may be reduced. Water utilization may thus nct be as concentrated so that 
the net water requirements are as close to the normal transport capacity of 
the channel as possible and under special conditions, the net requirement 
may be permitted to be as great as the transport capacity of the line. The 
table made after revisions and computations is called the water utilization 
table, and the revised water requirement table is called water utilization 
plan table (such as Fig 7-2), which is the basis for implementing the water 
utilization plan. 


The above discussion includes only the water utilization plan within the 
growth and developmental period of agricultural crops. If there are require- 
ments for irrigation not within the growth and developmental periods or if 
the soil needs leaching, the above method may be used to add the additional 
amount of needed water into the water utilization plan. 
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Net Flow of Irrigation Water Computation Table (Samples) 
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I. mame of crop 
l. winter wheat 
2. cotton 
3. miilet 
4. corn 


Il. number of water applications 
1tl. amount of water applied (m> /mou) 


IV. area (mou) 


V. date of water application (day/month) 
l. beginning 
2. ending 
Vi. number of days of water application 


VII. net flow volume of irrigation water (liter/second) 
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Fie 7-1 Sample of a Water Requirements Table 




















Key: 
l. liter/second 
2. net flow volume of irrigation water 
3. wheat 
4. corn 
5. millet 
6. cotton 
7. water transport capacity line of the channel with maxiqum flow volume 
8. water transport capacity line of the channel with normal net flow volume 
9. month 
10. year 
If 
3. 7772+" Gat 5. 
3740 4 4. fz « « Gaz 6. 
é. sy) 
AIO 7.1! LEK AURA 
, we 4 SetER Linrace ek 
| wo} _ 2: LET+ALN 
“7 ny t 
* Tol 109) a2) 2) ay) She 7 
OS. 19 mms LO e tox*™ 10, 
Fig 7-2 Sample of Table of Water Utilization Plan 
Key: 
l. liter/second 
2. net flow volume of irrigation vater 
3. wheat 
4. corn 
5. millet 
6. cotzion 
7. water transport capacity line of the channel with maximum net flow 
&. water transport capacity line of the channel with normal net flow 
9. month 
10. year 
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V. Irrigation Metnod 


if a correct irrigation method is adopted, the water volume can be controlled 
and the result of irrigation may be improved also. The most generally adopted 
method is ground surface irrigation, mainly furrow irrigation and irrigation 
by plots. ‘if a large amount of water is used for general irrigation, the soil 
structure of the surface layer will be broken down and the ground water table 
will be raised causing the soil to turn alkaline. 


(1) Furrow Irrigation: Crops with interrow cultivation such as cotton, 
corn, and sugar beet are usually irrigated in furrows or trenches. The 
water can be applied ome row at a time in every row, or every other row. 
Less water is needed if arrigation is carried out in every other row, and 
the water will have less effect om the ground temperature as well. The 
furrows are ge erally 14-24 cm in depth, and 30-40 cm in width. Under normal 
conditions, t.2 length of the furrows and the flow volume are determined by 
the grade of the slope and the permeability of the soil. The following table 
serves as an example: 


Length of Furrows and Flow Volume in Furrow Irrigation 





6. 7. e ? ty 
(4 “<= 
l - - —_——_— — — ae = 
eo; < > 1 i2~0 os 0 os ~ oO? 0.09 w~ i 1§ 
g. 3. _B 5. 3 , a. a 3... 
s ¥ > *) e) _* 7 } 
i 7 whaaniie ul . a 
‘ $* 4 e o tn % ac 0 7 ~~ i ~ 
in¥ “ ™ I = 1.0 ~ 9 
%. 7 _ i 7 - _ - i 
? e ‘ =i 2a e~ _) T~ ’ 9 §~ a E~ 
‘es ¢ +.~6 0 9 O~ 9* ~ ¢ 
bo ote | lege bee leew - 
. . ~ t~ ~ ft ~ ) ji 
“8 ~ . . s %20 g mos 
3. -_ = ~ 5~ ~ I~ ~ , = 
a 4 1% 0.4 0.3 
Key: 
l. type of soil 
2. sandy soil or light sandy loam 
3. sanéy loam or light clay soil 
4. clay loam 
>». clay ; 
n 
6. rmeabilit — 
pe ility ——? 
7. vertical slope of furrow 
8. length of furrow (m) 
9. ‘flow volume (1/sec) 
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It is best to use a "/\-shaped™ furrow to draw water. A furrow should first 
be dug, 1-2 = in length, perpendicular to the irrigation channel, and 
connected with the channel at one end; at the other eni, te furrow should 


be divided into "/\shaped" two furrows, 
that water will flow into then. 


(2) Irrigation by Plots: Irrigation by 
gation water into the field allowing the 


to be connected with 7-9 furrows so 


plots is the method of drawing irri- 
ground surface to be covered by a 


thin layer of water, which flows to the lower part of the slope, using 
gravity action to let the water seep into the soil to moisten it. With this 
method, it is important that the plots be level to allow even seepage. Thrre 
must not be a rapid flow of water anywhere. This method iz usually adopted 


for densely planted crops, such as whea? 


and bay. The lergth of the plot is 


determined by the soil permeability and the slope, generally about 40-80 a. 


The width of the plot is either the same 


as the planting machine, or is a 


multiple of the ~.. th of the planting sgachine. The lon: edge of the fl" 
should be perpendicular to the contour line of the terrain. As muct 4s 
possible, a horizontal slope should be avoided. The length of the plot and 
the flow volume suitable for different types of soil and different slopes 


are described in the following table: 


Length of Plot and Flow Volume 


for Irrigation by Plots 











6. 7. a si « 5° 
l. a+" —— —— — - 
TT <0@2 0.08.0 WS OOT~0.0! 001-002 
' 2h e\- _— 7. ab Sa TE 
' - 7 * . 
iy & 7. A 2» F- Zr Be art 
* ro *) U4 * ao (@) (* b) 
2.5 a - > +)~ T~€é W&~T0 6<5 OO--) 5~4 70+ H@ 4~3 
. @ a * ~~ > 
3. ‘ oa ~ y ~7C T~R fam C~5 ~ tw 4 &~, 4i~ 
Som 5~ ' H~ ; ~ ? ~ ; ~ v~ ~ it~ 
5 a H~sw 6~5 1-8) 5~d ‘> wy 3 
* > i: op~ ied 
' Vv~ ~ ~ 
5. . ows w *~4 io * » * 





’ SES, Leh > a 


Key: 
l. type of soil 7. 
2. sandy soil or light sandy loam 58. 
3. sandy loam or light clay soil 9. 
4. clay loam 10. 
5. clay 3 

a 
6. permeability — ) 
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vertical slope of the plot 

length of plot (m) 

flow volume (1/sec) 

*The vertical slope is the same every- 
where and the surface of the field is 
level 

















(3) Irrigation by Flooding: Irrigation by flooding is drawing water into a 
diked field (a field surrounded by relatively high dirt dikes on all four 
sides), letting the water seep downward and maintaining a layer of water at 

a given depth. Tie shortcoming of this method is that it can easily cause 

the soil to form a hard crust. Im severe cases, the soil structure will be 
broken. The amount cf water used with this method is great. It is waste- 

ful and it can easily cause the ground water table to rise. For these reasons, 
it is generally used to irrigate paddy rice or to leach salts only. 


The width of the diked field for flooding should not exceed 50 m; the length 
is aetermined by the slope of the irrigated section. The water level dif- 
ference of two adjacent fields should not exceed 20 cm ii areas where the 
slope is great; it should not exceed 10 cm in sections where the slope is 
gradual. The area of a diked field should not exceed 3-5 mou. The height 
difference [the unevenness] within a diked field should not be more than 

3-5 cm. 


(4) Sprinkling: Irrigation by sprinkling is accomplished by the use of 
mechanical pressure to change the water into drops to be sprayed from a 
nozzle for irrigation. It is also called artificial rain. With this method, 
more than 50-60 percent of the water may be saved, compared with furrow and 
plot irrigation. Under identical conditions of water availability, the 
irrigated area may be doubled when sprinkling is used to replace furrow or 
plot irrigation. 


For example, in order to increase the surface moisture before planting in 
order to promote the germination of seeds, the amount of water required is 
only 2 m3 with the sprinkling method and the soil moisture to a depth of 

5 cm may be raised from 11 percent to 15-16 percent. After sprinkling, 
planting may be done immediately. The ground can thus be irrigated while 
planting time is not delayed. Based upon actual needs, winter irrigation 
for a wheat crop requires only 6.5 m?/mou. During the greening time of 
wheat more water is needed, but with sprinkling, 10 m3 per mou is all that 
is needed. 


[tf the ground is not level, sprinkling can provide even irrigation. Such 
conditions as no water in high places and flooding in low places will not 
occur. Ili there is a relatively strong wind, evenness will be affected 
with the sprinkling method, however. 


Tools for sprinkling include the fixed style (underground pipes), the move- 
able type (the sprinkler), and the semi-movable type (a combination of fixed 
pipes under the ground and a movable sprinkler above the ground). 
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Crop Cultivation Reference Material of General Usage 


Table 1. Germination Temperature and Moisture of Seeds of Staple Crops 











Ie neg (TL F 8 ECO | penennxslll . 
Ah 123 | & 258 | 3. MST FX) 
LA Oi ) H~44 | 283~32 : 10~12 | 25,~ 30) 
2.4 & 30~35 | 15~20 | 1~2 5SU~55 
3.4 & 28630 20~25 | 3~4 | 48~us 
4.% #& : 37~44 25~30 . 5~8 45~5v 
5.6 RK | 44050 | 28035 | BAT CC wet l. 
6.4 #& 44~50 | 32033 | 6n7 4U~50 
7.2 Ff | 8 Sy er 25~ 0 
8.4 BH | 39—80 | 25~31 667 120-~140 
> B0~ 40 $2~33 | Well -- 
10.2% & |; weas | 2&8 | ge 110~ 120 
ll.s& wu | 36~37 | 5e26 | tne | 100~110 
12.8 & | 4 | 9% | wen | 50 vA 1:2. 
aa. J It 40~45 35~40 1~3 4k 4j 
14.% me _ 16~ 1s 6 ) _ 
15.8 Me = | SNE — 
16.” ye ~ / a2 | 10 a= 
17.4 « | — 15~2u | 4~6 | - 
18.% Ro | See UH NS 40~50 
19.4 = | 35 | 18~25 | 12 | a 
20.1 H # _ ww | 486 | 55~6u 
21.5 _ va~sz 15 — 
22.8 & _ | ~20 | ews | lov ~170 
23. ® wr | wars | ow _ 
24.1) a 45 Ye~se | 2u | _ 
2.5% | _ _ ew | 485 _ 
26.f: + 37~44 SST —_ 





Key: 


° 
I. type of crop Il. temperature for germination (°C) 


1. highest 


l. paddy rice 14. flax ©. aeee eutechiea 

2. wheat 15. jute .. temee 

3. barley 16. castor bean ° 

so eENEnESt 7. Geile III. moisture required for germina- 
5. corn avicennae 

tion (Z% relative to the dry 
6. kaoliang 18. rape 
| weight of the seed) 

7. ‘aillet 19. peanut 1. enocexteste! 

8. soybean 20. sunflower 7 a y 

9. adzuki bean 21. sesame ° 
10. broad bean 22. sugar beet 
ll. garden pea 23. tobacco 
12. cotton 24. sweet potato 
13. hemp 25. potato 


26. clover 
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Table 2. 1,000-Grain Weight of Seeds of Staple Crops 














lL. %® | im) * liemee (ot 3" 
1 #4 & | 24~58 18.% He | 300~1300 
2 ane | me BAe | 300~-500 
3. x & 20~48 18.2% m # | 800~ 1300 
4, “ 20~22 19, wh x | 1.4~5.74 
5. * AEB 18~z2 20.4 B # | 40~ 200 
6. * a 18~34 21.2 mm owd 
trips. yO. Lig | 25~32 92 .% ik ! 0.059 
6.2.6 18~25 23.% ak | 2~3 
7. fli fri 25~ 30 24. i¥ he 22~25 
8. * 190~500 25K COM 9~32 
yet, ee | — 350~500 26. i a | 10~17 
8.2.4 wy A | 1wo~3s0 27. we | 2.5~12 
9. & yt | 20~34 28. % mT 60~ 300 
10. 4 ¢ | 2.2~4.0 (2948 | 0.083 ~0.09 
ce ee ey ee 
12. $ | 2x58 (31H BK | sansa 
13. x a | 110~250 328 iti | 2.1 
14. mH) | sw~s00 33 om | 1.6 
14.1 mati) | 110 ~180 34 pried (3-F) | 14.1 
15 . di 7] | 500~900 35.8 ae 13~16 
16. +3 | s0~4U 36.1 x | 2.5 
17. © te 80~135 
Key: 
I. type of corn 
1. winter wheat 6.1. of which: keng type 8.1. dent type [sweet corn] 
2. spring wheat of paddy rice 8.2. flint type 
3. barley 6.2. hsien type of 9. kaoliang 
4. oat paddy rice 10. millet 
5. winter rye 7. upland rice ll. buckwheat 
6. winter rye 8. corn 12. panicum 
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[Continuation of key to Table 2] 


13. soybean 24. flax 
14. garden pea (large grain) 25. hemp 
14.1. garden pea (small grain) 26. Abutilon avicennae Gaerth 
15. broad bean 27. Linum usitatissimum 
16. Mung bean 28. castor bean 
17. cotton 29. tobacco 
18. peanut 30. sugar beet 
18.1. of which: small grain variety 31. Astragalus sinicus 
[Spanish peanut ] 3?. Medicago denticulata 
18.2. large grain variety 33. Cryptotaenia japonica Hassk. 
19. rape 34. wild pea (Vicia hirsuta [vetch]) 
20. sunflower 35. Sesbania aegyptiaca Persoon 
21. sesame 36. Astragalus melilotoides 
22. ramie 
23. jute Il. weight of 1,000 grains [grain test 
weight] (g) 


3. Conversion Table of 1,000-grain Weight and 100-grain Weight of Crop Seeds 
and Number of Seeds in a Catty 





weight of number of seeds weight of number of seeds 
1,000 grains (g) per catty [chin] 1000 grains (g) per catty jcnin] 
20 25,000 15 3,333 
21 23,809 16 3,125 
22 22,727 17 2,941 
23 21,739 18 2,888 
24 20 ,833 19 2,632 
25 20 ,000 20 2,500 
26 19,230 21 2,380 
27 18,518 22 2,273 
28 17,857 23 2,174 
29 17,241 24 2,083 
30 16 ,666 25 2,000 
31 16,129 26 1,923 
32 15,623 27 1,852 
33 15,151 28 1,786 
34 14,763 29 1,724 
35 14,285 30 1,667 
36 13,888 31 1,613 
37 13,513 32 1,562 
38 13,155 33 1,515 
39 12,820 34 1,476 
40 12,500 35 1,429 
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5. Normal Density of Seeding and Rate of Seeding cf Staple Crops 


Density of Amount of 
preservec seedlings seeds planted 
Type of crop (10,000 plants/mou) (catty/mou) Comments 





winter wheat 
northern winter 
wheat region 30-35 25-30 


Yangtze Valley 
winter wheat 
region 20-30 15-25 


South China 
winter wheat 
region 18-25 12-20 


spring wheat 30-50 25-35 


barley 
northern 
spring barley 30-45 25-30 Northeast, Northwest 


southern rice- 

wheat double 

crop region, 

naked barley 12-15 Middle and Lower 


Reaches of 
southern rice- y rae 
wheat double = 
crop region, 
barley 14-17 | 


southern 

mixed grain 

and wheat 

region, uaced 

barley 12-16 


southern 

mixed grain 

and wheat 

region 16-22 


Huai-ho 
River 
Valley 


oats 35-40 20 


paddy rice 
direct planting: 
row planting 30-40 20-30 


transplanted: _ 
mere 2-3 10,000 holes 


transplanted: 20-30 
south 10,000 seedlings 
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[Continuation of table} 


Density of Amount of 
preserved seedlings seeds planted 
Type of crop (10 ,000 plants/mou) (catty/mou) Comments 





3-4 10,000 holes 


25-35 10,000 
seedlings 
corn 
late maturing 
tall stalk 
varieties 0.20-0.25 3-5 
medium stalk Yellow River - 
varieties 0.25-0.30 3-5 Huai-River 
a plain region 
varieties 0.35-0.40 3-6 
millet 3-6 approxi- 1-2 
mately 
kaoliang 
tall varieties 0.4-0.6 2-3 
med ium North China, 
varieties 0.5-0.7 2-3 Northeast 
dvarf 
varieties 0.6-1.0 2-3 
spiked millet 3-4 
Panicum 2-2.5 
miliaceum L. 
buckwheat 6-10 
soybean 2-3 8-14 
garden pea 4-5 
broad bean 0.8-1 18-30 
adzuki bean 4-6 
mung bean 2-3 
cotton 
Sinkiang inland 
cotton region 0.91.2 10-15 
Yellow River, 
Yangtze Valleys 
cotton region 0.4-0,7 19-15 
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[Continuation of table] 


Density of 
preserved seedlings seeds planted 


Amount of 





Type of crop (10,000 plants/mou) (catty/mou) Comments 
ramie 0.8-1 
jute 

long-fruit 

varieties 3-5 1-1.5 

round-fruit 

varieties 3-5 1.5-2 
flax 

for fiber use 1.9-2.2 4-6 

for seed use 1.1-1.3 3-4 
hemp 

for fiber use 10-15 10 

for seed use 3-4 3-5 
Abutilon avicennae 
Gaerth 

for fiber use 1.5-2 2-3 

for seed use 1-1.2 2 
f lax 15-20 1i-16 
peanut 

large seed varieties 1.5-1.7 25-29 

small seed varieties 1.7-2 17-20 
sesame 0.7 0.5-1 
sunf lower 0.3-0.35 1.2-2 
tobacco 0.17-0.2 3-5 (fen) 
ripe 

mustard green type 2-3 0.8-1 

Brassica oleracea 

eo type 1-2 0.5-0.8 

cabbage type 5-20 1-2 
sugar beet 0.4-0.7 2.5-3 
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6. Normal Depth of Seeding of Staple Crops 





Depth of Depth of 
Type of crop seeding (cm) Type of Crop — seeding (cm) 
paddy rice (direct Dolichos lablab L. 
seeding in dry soil) 1-2 [a kind of bean] 4-6 
winter wheat 4-6 cotton 4-5 
spring wheat 4-5 jute 1-1.5 
barley 4-5 hemp 4-6 
oats 3-4 flax 3-4 
corn 4-6 soybean 4-5 
kaoliang 3-4 peanut 3-6 
millet 2-3 rape 2-3 
Panicum sp., sesame 1.5-2 
Panicum miliaceum L. 2-3 

sunflower 3-6 

broad bean 6-8 sugar beet 3-5 
garden pea 4-7 





Comments: 

1. Seeding should be deeper in sandy, light, and loose soils of relatively 
less moisture. 

2. Seeding should be shallower in firm clay soils of sufficient moisture. 

3. Seeding should be deep in dry areas and shallow in moist areas. 

4. Seeding should be deep in cold regions, shallow in warm regions. 
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7. Checklist of Distance Between Two Plants and Number of Plants Per Mou in 
Crop Cultivation 


3 a> Fe (‘4 *) 
Ss 1 | 15 2 | 25 | 9 | a | ao | 45 | 50 | & | oo | 65 | 70 | 7 
J 


i ~s me mt ee 


3. & a & x 











— _—— _— - ee ae 


| 
45 be.exn 9, aed 7,411) 5,928 4.90014, 23s! 3, 708! 293 | 2,963 'o, cose, 4702, reo oe 
; 


® 
13,3 8, 093 6,670'5,336 4,446'3, 923 3, a 2,964 2,668 2,425 mee , 6671, are #21, 421, 334 
7 ,6161,5151, 4261, 347 a" 212 












55 12, aha: 084. 6,063! 4,850! 4,042|3,964,3,031 | 2,694/ 2,495 2,206 an. 8681,7 

6 |, did. 11, 5,558 | 4,446 |3,705| 3,176 2,779' 2,470 | 2,223 2,021 1,8521,71 oe 2241, 3°9 3071, 2351, 1701,111 

€5 ma 841 | 5,130| 4,104 | 3,420| 2,931 / 2,565 | 2, 280/2,052/1,827 ry seh me sah, 2821, 207 ah, 06, 026 

70 | 9,8: 256, 352 4,764) 3, ii 176 |2,722'2, 382 2,127} 1,905)1,732/1,588 ‘ahcakal ,1911,121 1,058,008 952 

75 | ®, 993 5,928) 4,446 sil 968)2, o40 2, 203' 1,976 #6) 1,778 1,616)2, 422 _) 27 1171, 4 ‘a 236 RSQ 
iad | 








oe 

















so =e 58 4,168 8,335) 2,779)2, 200 2. ,084'1,852/1, ae 516 pe a ab. sin, ip 48 980 : ar 833 
85 | 7,87. 5,231 3,923/3,138 2,615/2,422,1,962 1,7 ,3072,107:1,1211,086] 980) 923 Ril) 826 784 
90 apts 040! 705 | 2, dial 470'2, fm wad 1,6 )1 wala ee .1401,0 ‘ 671 £23 i 741 
95 | 7,02 a4 680 3,510 salatinial: 755 1,5 1404, py 170.1, 080 1, (02 877) 826 ‘0 739, 702 
100 r 6.670) 4, He 3, 335 2.668 '2,223| 1,0 1,667 1,482/1, 8941, shan 111) 006 38 784 741 “a 667 
Key: 


l. distance between two plants (cm) 
2. distance between two rows of plants (cm) 
3. mumber of plants per mou. 


6168 
cso: 4007 
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CHAPTER 8: ORGANIZATION OF WORK WITH AGRICULTURAL MACHINERY 


Land Under Cultivation 
I. Field Tasks and Requirements of Farming Techniques 


Plowing is a basic operation of soil cultivation. Its principal tasks are to 
loosen the soil in the cultivated layer, improve the physical, chemical and 
microbiological regime of that layer, turn under the fertilizer applied to 
the topsoil, and eliminate weeds, plant diseases and insect pests in order 

to create a good environment for the crop to sprout, take roots and grow. 

The requirements of the techniques of farming cultivated land are as follows: 


(1) Plowing should be timely. When plowing, it is necessary to see 
that it is done at a time when the soil is most workable so that the degree 
of dryness of the soil is normal thereby guaranteeing quality farming. In 
single, double or triple cropping areas, as well as in those areas where the 
soil is heavy and early spring sowing of dryland crops is planned for the 
following year, the autumn plowing area should be enlarged as much as possi- 
ble. 


(2) The depth of plowing should be determined in accordance with the 
characteristics of the root systems of farm crops and the thickness of the 
soil layer. The average plowing depth and the required plowing depth should 
not deviats + 1 centimeter from the set plowing depth. Within a crop rota- 
tion cycle, the plowing depth should be changed according to plan so as to 
avoid creating a compact plow bottom. Given the conditions that deep plowing 
has been carried out for the planting of the preceding crop, weeds are rela- 
tively sparse, and the stubble that remains will not affect the quality of 
seeding of the following crop, tilling the soil with a disk harrow or rotary 
cultivator may be practiced in lieu of plowing. In places where the topsoil 
layer is relatively thin, application of organic fertilizer should be inte- 
grated with deepening of the tillage layer year by year in a planned way so 
as to improve the soil. 


(*) The soil in each furrow should be turned under well so that the 
plant stubble, weeds, fertilizer and other ground cover is covered well. 
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If deep plowing is carried out by a plow with a soil loosening blade, it 
is necessary to insure that the soil in each furrow is turned under well 
so that the bottom layer is loosened uniformly and that the topsoil and 
subsoil are not mixed up. 


(4) After plowing, the soil should be level, loose and fine. Ridges 
formed by outward center plowing (i.e., plowing from the center of the field 
to the outside) as well as furrows formed by toward center plowing (i.e., 
plowing from the edge of the field toward the center) should be reduced in 
number as much as possible. Appropriate field work methods should be chosen 
for use in order to reduce the number of ridges and furrows. 


(5) When plowing is in a straight line, the edges of the field will 
be orderly. The working width of each plow share should be uniform. 
Gapping and replowing must not occur. 


II. Organization of Field Work 
1. Drawing Up A Field Work Plan 


A work plan is the basis for guidance and organization of farm tools 
and machines in carrying out farming work correctly and at the right time, 
and is an important link in assuring timely operation, improving work quality 
and working efficiency, and reducing the idling of machinery while going back 
and forth. Ten to 15 days prior to the start of the operation, a field work 
plan should be drawn up and preparations duly made concerning tools, machines, 
gasoline and material. the basis and content of such a work plan are as 
follows: 


(1) Basis for the Work Plan--The agricultural production plans of the 
unit itself and the requirements of farming techniques. 


(2) Content of Work Plan--(a) The general tasks of the entire produc- 
tion team; (b) The models and number of farming machines; (c) The tasks to 
be undertaken by various machines and the dates of completion for their 
tasks; (d) Figure out the number of work shifts required by each machine 
for the completion of its set tasks in accordance with the models of the 
tractors to be used, soil texture, requirements of deep plowing, plans for 
using farm implements in groups and work quotas as fixed in prior practice; 
(e) Set down the work order for the different fields and map out the line 
of travel for the various machines in accordance with the maturity of the 
crops, progress of the harvest, clearance of [stubble] stalks from the 
fields and dryness of the soil, and in accordance with the principle of 
decreasing as much as possible the idling of machinery in moving from one 
field to another; and (f) Calculate the amount of fuel oil required by the 
various machines for the completion of their field tasks in accordance with 
fuel consumption quotas. 
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(3) Draw up a farm implement maintenance plan and a material consumption 
plan in accordance with the work plan. 


(4) In the process of drawing up a work plan, it is necessary to 
mobilize the masses to the fullest extent and adopt rational suggestions 
from them extensively. After the plan is laid down, it should be trans- 
mitted down to the various work teams simultaneously with the requirements 
for farming techniques and qualitative targets. 


2. Handling Field Preparations Well 


(1) Prior to the plowing of uncultivated land, it is necessary to 
check on the lay of the land, soil texture, weeds and soil moisture. Clear- 
ance of uncultivated land of its vegetal cover may be accomplished by such 
methods as cutting it off, burning it or gathering it for use as livestock 
feed. If it is to be burned, prior to setting it afire, firebreaks may be 
cleared in order to prevent the spread of fire. 


(2) Prior to the plowing of cultivated land, it is necessary to clear 
it of crop stubble, stones and tree roots and fill up holes and temporary 
irrigation channels. Clear signs should mark spots where obstacles cannot 
be removed in a short time. 


(3) A survey of the roads over which the farm machinery work teams 
may travel should be conducted and all road obstacles should be removed so 
that the teams can pass through smoothly. 


(4) Prior to the plowing of newly reclaimed land, it is necessary 
to map out a plan and, in conjunction with water conservancy construction, 
build drilled [or row crop] fields that are suitable for mechanized farming. 
As much as possible, the width of the drilled fields should be made twice 
the operating width of a seeder. 


(5) As to land for which a plan cannot be mapped out in a short time 
or for which no plan will be mapped out due to its size, it is necessary 
to divide it into small plots prior to plowing. These small plots should 
neither be too wide nor too narrow in order that the idle time of a work 
team be cut down when making a turn at the edge of the field and reduce 
the number of times that the work team moves from one plot to another. The 
width of a small plot should be twice the operating width of a work team. 
The widths of small plots in common use are shown in the table below: 
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1. | 2. # 2 
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Key: 

1. Length of plot (meter) 

2. Model of machine 

3. Red Flag-100 or Red Flag-80 
4. 


4-bottom plow attached 
Bumper Harvest-35 with a 2- 


Width of small plot (meter) 


(6) 


around strip. 


Some land must be lef 


pulling two 5-bottom plows 


East is Red-75/54 pulling a 5 bottom plow or Iron Ox-55 with a 3- or 


or 3-bottom plow attached 


East is Red-28 or Bumper Harvest-27 with a 2-bottom plow attached 


t at either end of a plowed plot as a turn 


In general, its width should be approximately 1.5 times the 


total length of the machinery unit [tractor plus plow, harrow or seeder 
etc.] integral multiple of the working width of the unit (as shown in the 


table below). 
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2) #2 A (lOFsiksesen (mk) 
(3) &%-200 | 5~10 | 22~28 
(4) s&-80 | 5~10 | 22~28 
(5) ®t -S4/75 | 4~5 | 18~22 
(6) &F-S 3~4 14~18 
(7) HL -2 2~3 8&~10 
(8) #&-35 3~4 10~14 
(9) =e-27 | 2~8 a 6~10 
Key: 
1. Machinery combinations 7. East is Red-28 
2. Tractor 8. Bumper Harvest-35 
3. Red Flag-100 9. Bumper Harvest-27 
4. Red Flag-80 10. Number of bottoms of pulled or 
5. East is Red-54/75 direct-mounted plow 
6. Iron Ox-55 ll. Width of turn around strip (meter) 


(7) The direction of plowing should be determined according to the 
shape of the field, its size and lay. In plowing a slope, it is necessary 
to do it along contour lines so as to prevent the soil from being washed 
away by rain. On land where the gradient is steep, terrace fields should 
be built. 


(8) After the small plots are marked off, sighting rods should be 
placed as targets for a work team on the first trip through the field. The 
methods of positioning and placing these sighting rods vary with the dif- 
ferent plowing methods. If the method of segmented alternate outward center 
and toward center plowing is employed, the sighting rods should be placed in 
odd-numbered plots one-half the operating width of the tractor and plow to 
the left of center (as shown in Figure 8-1). 


Implement-lifting and lowering line 
. Sighting rod line of first trip 

- Turn around strip 

Portion unsuitable for division 

- Sighting rod 


Length of plot 

Width of plot 

Length of small plot 

Width of small plot 

Width of turn around strip 
Plow width 

















oem Oe ee 


—y 








NZS Qxwlin{ 2d 
I umam (3) te (5) 


sj 
Figure 8-1. Method of Dividing 
a Plot for Field Work 
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(9) Methods of placing sighting rods: 


Straight line alignment method--This method is valid for any drilled fields 
or square fields which are level and designed in an orderly manner. 
Specifically, the method of doing it is: Choose one of the long sides of 
the plot as a standard boundary line. Measure off the positions of the 
tractor and plow at both ends of the plot on its first trip in accordance 
with the different methods of plowing and place asighting rod on each posi- 
tion. Then between these two sighting rods place one or two more sighting 
rods and a number of smaller signal flags so that all of them are positioned 
in one straight line (as shown in Figure 8.2). 


~ 2 SRRT)| Figure 8-2. Straight Line Alignment Method 
Key: 
43 BA 2) 1. No. 2 sighting rod 


2. No. 3 sighting rod 
3. No. 1 sighting rod 








= 


Five-loop rope alignment method--First measure off the position of the 
tractor and plow at one end of the plot on the first trip. Place a sighting 
rod there and place the central loop (C) of a 5-loop rope on the base of the 
rod. Draw the rope straight and align it with the boundary line of the plot. 
Place two short stakes through the two loops (B and D) next to the central 
loop on the right and left. (At this time the rope must be drawn straight 
and tight.) Then lift the two loops off the stakes and slip the two outer- 
most loops (A and E) over the stakes. Also lift off the central loop (C) and 
pull it out perpendicularly from the original base line to form an isosceles 
triangle. The point of intersection of the vertex and an extension line from 
the base point on which a sighting rod was originally placed is the position 
for a sighting rod to be placed (as shown in Figure 8-3). 


1. Five-loop rope 
2. Sighting rod 
3. Short stake 
4. Right angle 





Figure 8-3. Five-loop Rope Alignment Method 
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(10) As to the small pieces of land left after the plots are marked 
off, small-sized machines or animal power may be organized to carry out 
plowing there. 


3. Selection and Combination of Implements 


Farm implements should be selected and combined according to the following 
principles: 


(1) Imolements should be selected for use in accordance with the size 
of a plot. A small-sized tractor should be used for plowing small plots as 
much as possible. 


(2) Combination of implements should be carried out rationally in 
accordance «.th the pulling force of the tractor selected, specific soil 
resistance and plowing depth so that the utilization rate of the pulling 
force of the tractor will be between 90 and 95 percent. A plow with a plow 
width greater than distance between the outer edge of the wheels (track 
gauge of the tractor should be used as much as possible in order to prevent 
the quality of the plowing from being affected by offset pull or collapsed 
furrow walls. However, the tractor must not be allowed to operate constantly 
with an overload. 


(3) The shape of the moldboard surface must be suited to the soil tex- 
ture. In general, a stubble plow (i.e., semicylindrical plow) may be used 
for cultivated land and a semihelicoidal plow may be used for clay soil 
land or newly reclaimed land in order to guarantee a good inversion of 
furrow slices. 


(4) Apart from the plowing under of green manure crops and rice stalks 
and operations requiring a plowing depth of less than 15 centimeters, complex 
plows should be used as much as possible in order to improve the quality of 
plowing with the resulting advantage of eliminating weeds, plant diseases 
and insect pests and to reduce soil cracks which is to the advantage of 
crop growth. Complex plows may also stabilize the inversion of furrow slices 
and make the surface level after plowing. 


(5) As far as circumstances permit and under the conditions that sunning 
and aerating the field is unnecessary, complex-type tilling and harrowing 
operations should be carried out as much as possible. For example, plows 
with spike harrow or disk attached behind or combination plows and harrows 
(or roller plows) may be used for plowing. In this way, the number of 
operations two be made by several farm implements may be reduced and work 
efficiency increased. Also, it may benefit the conservation of soil mois- 
ture. 


The basic performances of the different kinds of share plows is given in the 
following table. 
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Basic Performances of Various Types of Bottom Plows 
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Key: 
l. Name and model 
2. L-5-35 heavy-duty 5-bottom plow 
3. Ke [7245]-5-35 hydraulically-controlled pulled 5-bottom plow 
4. Li [3680]-5-35 heavy-duty direct-mounted 5-bottom plow 
5. ILY-5-30 hydraulically-controlled 5-bottom plow 
6. Feng [6265]3-30 Bumper Harvest 3-bottom plow 
7. FS-Ke-2-35 Bumper Harvest hydraulically-controlled 2-bottom plow 
8. Yellow River-40-70 deep tillage soil improvement plow 
9. LXZ-4-35 direct-mounted 4-bottom plow 
10. LXF-3-30 direct-mounted 3-bottom plow 
ll. LXT-3-30 direct-mounted 3-bottom plow 
12. LXD-2-30 direct-mounted 2-bottom plow 
13. ILQ-3-25 light-duty direct-mounted 3-bottom plow 
14. ILXQ-2-20 light-duty direct-mounted 2-bottom plow 
15. Number of bottoms 
16. Plowing width (centimeter) 
17. Total plowing width 
18. Single bottom 
19. Maximum plowing depth (centimeter) 
20. Type of plow body 
21. Cultivated land type or semihelical type 
22. Cultivated land type 
23. Cultivated land type with soil-loosening blade attached 
24. Cultivated land type with wedge-shaped bottom 
25. Adaptable for specific soil resistance (kilogram/centimeter2) 
26. Tractor setup 
27. East is Red-54/75 
[key continqued ] 
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[continuation of key] 


28. East is Red-54-75 or Iron Ox-55 35. Productivity (mou/hour) 

29. East is Red-54/75 or Red Flag-100 36. Remarks 

30. Bumper Harvest-35 or Iron Ox-55 37. Pulled ratchet lift 

31. Iron Ox-55 38. Pulled, hydraulically operated lift 
32. East is Red-28 39. Convertible to 4-bottom direct- 

33. East is Red-28 or Bumper Harvest 27 mounted type 

34. East is Red-12 40. Pulled, hydraulically operated lift 


with adjustable working depth 
4. Methods of Plowing 


The methods of plowing a field may be classified into two main types: segmented 
plowing and unsegmented plowing. 


(1) Segmented Plowing 


(a) Toward Center Plowing--In some areas this is known as “outthrow plowing” 
or “open furrow plowing." On the first trip, begin lowering the plow at the 
implement-lifting and lowering line on the right side of the plowed zone and 
plow along the edge of the area until the implement-lifting and lowering line 
at the other end is reached. Then the plow is raised. Turn left toward the 
left side of the plowed zone and lower the plow at the implement-lifting and 
lowering line for the second trip. Afcer raising the plow, turn left toward 
the left side of the first trip and proceed with the third trip. Continue in 
this way until the whole area is plowed. In the end, a dead furrow will be 
formed in the center of the plowed zone (Figure 8-4). 


(b) Outward Center Plowing--This is called “inthrow plowing" or “blind furrow 
plowing” in some areas. Enter the plowed zone and begin the firsi trip from 
the center. After the implement-lifting and lowering line at the far end of 
the zone is reached, raise the plow and make a U-turn for the implement-lift- 
ing and lowering iine on the side of the first trip. 


Lower the plow and continue in this way until the entire area is plowed. In 
the end, a ridge will be formed in the center of the plowed zone. In order 
that this ricge will not be too high in a small plot of land, the plowing 
depth of the front bottom is usually reduced to only one-half of the required 
depth of plowing when the first trip is made and the other half is made up 
through replowing on the return trip. For the purpose of achieving the 
required depth of plowing, a “new method of outward center plowing” is prac- 
ticed in some areas. This means that first of all, deep plowing (about 2 to 
4 centimeters deeper than the prescribed plowing depth) is cerried out at the 
center of the plowed zone once to the left side and once to the right side to 
form a dead furrow. Then the outward center method is used for a second plow- 
ing (at a depth the same as the prescribed one) to turn the furrow slices on 
both sides back to fill in the dead furrow at the center. Outward center 
plowing is continued until the section is completely plowed (as shown in 
Figure 8-5). 
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(2) Gy# 'e (2) 
Figure 8-4. Segmented Toward Center Figure 8-5. Unsegmented Outward 
Plowing Center Plowing 
Key: Key: 
1. In 1. In 
2. Out 2. Replowing once 


For a strip or small plot of land, the methods of toward center and outward 
center plowing should be practiced alternately year by year in order to avoid 
creating an uneven surface as a result of tillage. 


(c) Alternate Toward Center and Outward Center Plowing--First of all, plow 
sections 1 and 3 by the outward center method. Then plow section 2 by the 
toward center method. In this way, rides are formed in the odd-number sec- 
tions and dead furrows in the even—number sections. After the last but one 
trip is completed, start plowing the turn around strip at one end of the 
plowed zone. After the final trip is made, return to the other end and finish 
plowing the turn around strip there (as shown in Figure 8-6). 


(2) Unsegmented Plowing 


(a) Toward Center Conventional Plowing--Divide the cultivated land into 
several plowed zones of the same size. Lower the plow at the implement-lifting 
and lowering line on the right side of section 3. Upon reaching the implement- 
lifting and lowering line at the other end, turn left toward the left side of 
section 1 and lower the plow at the implement-lifting and lowering line there. 
Following the completion of plowing in sections 1 and 3, work on sections 2 

and 4, using the same method. Then plow the turn around strips (as shown in 
Figure 8-7). 
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Figure 8-6. Segmented Alterrate 
Toward Center and Outward Center 
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Key: 
i. In 
2. Turn around strip 
3. Implement-lifting and lowering 
line 
4. Out 
.( . (4) 5) 
a =u == me Figure 8-7. Unsegmented Toward 
Bune hab ais Center Conventiorsi Plowing 
ynUY i: CR pipe KS : 
AG Z WN Gp. Z 4 x XS Key: 
aeen : Hl l. In 4. Section 3 
Si Sa + 2. Section i 5. Section 4 
(6) *" aa!) 3. Section 2 6. Out 


(b) Toward Center and Outward Center Conventional Plowing--Divide the plowed 
zone into two sections of the same size. First, enter section 1 and start 
work on its right side. Plow in the order as indicated by 1, 2, 3 (See 
Figure 8-8) until the space remaining in the center is no longer wide enough 
to make a loop turn. Then enter section 2 and plow until the space remaining 
in the center is the same as that in section 1. Return to section 1 to work 
(in the orcer as indicated by 4, 5, 6, 7 in the figure). Finally, plow the 
side land at the two ends. 
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Outward Center Conventional Plowing 
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5. Organization of Work 


(1) In plowing cultivated land, it is necessary to adopt a centralized 
operation section by section in order to concentrate the tractor force and 
fulfill a “blitz” plowing task on a plot of land within a relatively short 
period of time. Moreover, using a centralized operation and plowing section 
by section makes it easier for the maintenance of the tractors, refueling, 
carrying out quality inspection and unfolding emulation drives. However, 
there should be enough work within the plot of land for two or three shifts 
of every tractor and plow combination in order to avoid increasing idle turn- 
around and lowering the rate of time utilization. 


(2) Prior to the start of an operation, the tractor operator (and in 
particular, the night shift operator) should familia:-ize himself with the 
piece of land and understand the ground condition and obstacles within the 
area of operation so as to guarantee doing his work without a hitch. 


(3) Prior to the start of an operation, it is necessary to organize 
the best operators to make the first trip and at the same time opening a 
furrow (i.e., the implement-lifting and lowering line, which is often made 
by outthrow plowing once) along the edge of the turn around strip so that the 
edge of the field will be orderly, and so that while at work, the lifting and 
lowering of the plow will be uniform. The day shift operators should make the 
first trip for the operators on the night shift and leave areas with relatively 
few obstacles for them to work on. 


(4) Each work team should have enough plowshares and safety pins on 
hand to be used as replacements at any time. 


6. Plowing Date and Direction 





(1) In plowing a field, it is necessary to select a time when soil 
consistency is at a low level and soil plasticity is not high. Hence, an 
on-the-spot investigation should be conducted prior to plowing. 


(2) The characteristics of workable soil are: surface turns whitish; 
alternation of dry and moist soil appear as stripes; clods are easily broken 
up when the ground is kicked with the foot; when a lump of soil is cast to 
the ground, it breaks and scatter. 


(3) The moisture content of clay soil changes very rapidly, hence 
its period of workability is very brief. In order to prolong the period of 
workability of clay soil, such land may be harrowed prior to plowing to 
conserve soil moisture or remove the stubble. 


(4) The direction of plowing should be determined by the size of the 
piece of land and its shape and lay. Customarily, plowing is carried out 
along the longitudinal side. If the width of the land is not less than 75 
percent of its length (and the length is not less than 1,000 meters) and 
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flat furrow plowing had been carried out for the preceding crop, crisscross 
plowing may be adopted (i.e., if longitudinal furrow plowing was used in the 
previous year, cross furrow plowing may be used this year). However, on land 
where ridge farming has been practiced or where furrows have been left follow- 
ing cultivation and tillage, cross furrow plowing is not permissible in order 
to avoid any effect on the working efficiency of the operators or a breakdown 
of the tractors due to violent vibrations while at work. 


(5) The direction for plowing under a green manure crop should follow 
the ridges. When plowing under a tall-stemmed green manure crop, it is best 
to cut up the crop first and then turn it under. In this way, it is possible 
to cover it well while plowing making it easy to decompose. As for field 
sedge and sweet clover, a green forage shredder may be employed to cut them 
into small pieces to be strewn on the field. If a tall-stemmed green manure 
crop is to be plowed under with its stalks uncut beforehand, a wooden pole, 
whose length should be equal to the operating width of the farm implements 
used, may be secured horizontally to the rear of the tractor or the front-end 
of a farm impiement, 10 to 20 centimeters above the ground. When the field 
is being plowed, the wooden pole will first press down the tall-stemmed green 
manure crop and then the plow will turn it over. In order to prevent choking 
of the plow, che jointers may be taken off and the side suction between the 
main shares extended. If the stems of a runner green manure crop are relatively 
long and intertwined (like mao-yeh t'iao-tzu [3029 5509 5378 1311]), apart from 
dismounting the jointers to prevent choking of the plow and facilitate invert- 
ing the furrow slices, a disk colter (whose blade must be sharp) may be mounted 
in front of each plow bottom to cut the viney stems before they are turned 
under. Disk plows may also be used to plow under this kind of crop. 


Ill. Quality Inspection of Plowing 
1. Content of Inspection 


Quality inspection of plowing is to be carried out in accordance with the 
plowing tasks and the requirements of farming techniques. Its main content 
consists of depth of plowing, inversion of furrow slices, covering of weeds 
and fertilizer, levelness of land, whether or not there is gapping and replow- 
ing, depth of vertical furrows and inverted furrows and height of open ridges 
and back ridges, and whether or not the edges of the fields are orderly. 


2. Methods of Inspection 


(1) Inspection During the Shift--Inspection should be carried out dur- 
ing every shift. 


(a) Inspection of Plowing Depth--Measurements should be taken with a furrow- 
meter or a ruler along a plow furrow (as shown in Figure 8-9) and on the basis 
of a number of such measurements, the average plowing depth is determined. 








The difference between the required depth and prescribed depth of plowing 
should not exceed + 1 centimeter, otherwise adjustments should be made. 


(b) Inspection to Determine Whether Plowing Depth of All Plowshares is the 
Same--The method is to clear the plow sole of loose soil and inspect whether 
or not it is level. If the furrow bottom is uneven, it shows that the plowing 
depth of several plowshares is not the same and that the leveler of the drag 
plow should be adjusted or its hitch point should be raised or lowered. As 
for direct-mounted plows, adjustments to the implement attaching mechanism 
should be made. If adjustments bear no result, the plow in question should 
be placed on a level ground or on an inspection platform for inspection to 
correct any warping of the plow frame. Replace any defective share points 
with new ones of the same width, and adjust all cutting edges of the shares 
so that they will be on the same level. 


(c) Inspection to Determine Whether There is Gapping or Replowing--If during 
plowing, the actual working width is greater than the theoretical working 
width, there will be gaps in the plowing. Under such circumstances, the main 
tow bar on the hitch frame of the tractor should be moved to the right. 

There will be replowing if the actual working width is smaller than the theo- 
retical working width. Then the main tow bar on the hitch frame should be 
moved to the left. To eliminate gapping near the implement-lifting and lower- 
ing line, the timing of raising or lowering the plow should be strictly grasped. 
As a rule, lowering of the plow is begun when the first share point uraws near 
the implement-lifting and lowering line and raising of the plow is not begun 
until the last two plowshares draw near the line. In addition, it is neces- 
sary to pay heed to the travel position of the tractor and the position of 

the drag plow. 


(d) Inspection to Determine Whether the Surface is Level and Whether There 
are Furrow Banks--Apart from land formation, an inconsistent depth of plowing 
as well as gapping and replowing are the major causes of unevenness in th: 
field surface. In general, those parts that rise hirer are mostly places 
which have been plowed deeply or replowed and those parts that are lower are 
mostly places which have been plowed shallowly or have not been plowed at all. 

















(3) | — 
ve ) Figure 8-10. Line of Inspection 
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After Plowing 


Figure 8-9. Measurement of Plowing Depth Key: 
1. Inspection area 
Key: 
l. Measurement with furrowm:ter 
2. Measurement with two rulers 
3. Ground surface 




















Numerous furrow banks are formed because the plowing depth exceeds the 
designed capacity of the plow, the moldboard surface is too small, the tow- 
ing position is incorrect, and the sod cover is too thick. Hence, the causes 
should be checked thoroughly before attempts are made to correct then. 


(2) Inspection Before Acceptance--After a piece of land is plowed or 
after the entire plowing operation is completed, it is necessary to organize 
the cadres of a production team and the technical personnel into conducting 
a quality inspection of plowing prior to acceptance. Usually, inspection 
along a diagonal line is adopted and the method of random sampling or sampling 
at certain intervals is used. Ten to 20 points are inspected and a mean value 
is determined. 


When inspecting the depth of plowing, [remember] because of the differences 
in the characteristics of the soil and the physical conditions, there is 
also a difference in the coefficient of expansion of the soil after it is 
plowed which is generally calculated at 20 percent, i.e., the actual plowed 
depth is equal to 80 percent of the measured plowed depth on the average. 


Soil Preparation Before Sowing 
[. Soil Preparation Tasks and Requirements of Farming Techniques 


The tasks of soil preparation consist of breaking up clods, leveling the 
ground, conserving soil moisture, spreading fertilizer and eradicating weeds 
SO as to create good conditions for sowing and seed germinsiion. With regard 
to pre-sowing preparation of the soil, the requirements of farming techniques 
are as follows: 


(1) Break up clods and the hardened crust so that the topsoil will be 
loose and fine. By rolling, create a soil layer with its upper portion vwell- 
loosened and the lower portion firm. When the topsoil is loose and fine, it 
is conducive to the conservation of soil moisture and the emergence of 
germinating seedlings. When the soil is firm where seeds are sown deep, it 
enables the seeds to better absorb moisture, germinate and take root. 


(2) Harrow plowed land to break it up into small clods. Particularly 
in newly reciaimed land, it is necessary to cut through the plowed furrows 
and sod cover so as to promote soil maturation. In narrowing, no matter 
whether it is newly reclaimed land or cultivated land, weeds and crop stubble 
must not be raked out of the ground. If saline-alkaline land is required to 
“produce clocs" after plowing, it must not be worked over too finely so as 
not to give rise to secondary salinization. 


(3) in arid areas, after the thawing of spring snow, harrowing should 
be carried out at the opportune time in order to loosen the topsoil and cut 
capillary tubes in the soil to prevent moisture from evaporating. In low ly- 
ing and easily waterlogged areas, harrowing and dragging of snow should be 
carried out in early spring to expedite its thawing. 
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(4) Owing to dissimilar landforms and soil textures, there often is 
a relatively great difference in the degree of dryness of the soil within a 
piece of land. If we are to wait for all the soil to attain workability 
before carrying out soil preparation, the soil in some places will inevitably 
lose much of its moisture. For this reason, prior to the start of total area 
operation, it is frequently necessary to carry out harrowing and dragging at 
a number of points and strips so as to conserve soil moisture. Also, after 
the operation is completed, it is often necessary to carry out partial soil 
preparation at a number of key points. 


(5) Prior to the planting of spring crops, it is necessary to conduct 
pre-sowing weeding once or twice according to the germination of weeds and 
their emergence from the soil. Cultivators may be used to carry out total 
area cultivation (also known as sealed-off weeding or bare-land cultivation) 
or light-duty disk harrows or spike-toothed harrows may be used to destroy 
weeds. In total area cultivation, the depth of work should be uniform. The 
mean depth must not deviate from + 1 centimeter. After cultivation, the 
degree of undulation of the surface must not exceed 3 centimeters. During 
tillage, the moist soil beneath the surface should not be turned up. 


(6) To carry out soil preparation, it is necessary to pick a time when 
the soil is workable (the time is the same as that for plowing). After 
preparation, the surface should be level. In harrowing, the same depth 
should be maintained throughout. in the final harrowing operation prior to 
sowing, the depth of work shcuid aot exceed the depth of seeding and the 
direction of harrowing should be perpendicular to the direction of seeding. 


(7) No place must be left unharrowed unintentionally during soil 
preparation. The number of places reharrowed also should not be too many. 


(8) Given the precondition that the quality of soil preparation is 
assured, as much as possible the number of times a task is performed should 


be cut down, methods of work should be improved, destruction of soil struc- 
ture should be avoided, and soil fertility should be maintained or increased. 


Ii. Organization of Soil Preparation Work 
l. Harrowing (Including Dragging) 
(1) Handling of Field Preparation Work 
(a) Clear the field of such obstacles as grain stalks, tree roots and stones, 
and fill up holes in the ground. As for those obstacles which cannot be 
removed in a short time, such as water wells and large water pits, readily 


visible markers should be put up. 


(b) If diagonal harrowing is to be adopted, sighting rods should be placed 
beforehand along the line of travel of the farm implements on the first trip. 
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(2) Drawing Up a Work Plan--Lay down a work plan and map out the lines 
of travel of the farm implements at work in accordance with such specific 
conditions as soil moisture in the different plots of land, weed growth, crops 
to be planted and quality of plowing, and the principle that the idling of 
machinery should be reduced. 


(3) Bases for Selection of Implements 


(a) In newly reclaimed land, where the sod cover is relatively thick and the 
soil is heavy, heavy-duty notched disk harrows should be selected for use, so 
as to facilitate breaking up the furrow slices and cutting through the sod 
cover. 


(b) In cultivated land with heavy soil, heavy-duty disk harrows may be used. 
If light-duty disk harrows are used, they may have to be weighted so as to 
prevent their bottoms from bouncing up and down thus guarding against an 
insufficient depth of work. The limit to the weight to be added to each 
harrow is between 200 and 400 catties. However, rocks and ironware must not 
be used as weight in order to avoid their falling off and damaging the disk 
blades. 


(c) In cultivated land, where the quality of plowing is good and soil texture 
is light, light-duty disk harrows or spike harrows may be usec. 


(d) Spike harrows may also be used in breaking up soil crusts after a rain 
or stirring the soil in arid areas to conserve moisture. 


(e) Stubble harrows or light-duty two-section disk harrows may be used to 
destroy the stubble after harvest of the previous crop. If the ground is 
not to be plowed under after the stubble is removed, but is to be seeded 
directly, it is best the first time to harrow it with a heavy-duty disk 
harrow in order to guarantee that the soil will be well-loosened. 


(f) If the purpose of harrowing is to cover the fertilizer, then a disk 
harrow should be used. Moreover, the angle to be formed by the disk blade 
with the direction of advance should be relatively wide. 


(g) Generally, wooden drags (toothless harrows), drags made with branches 
(also known as land smoothers) or specially-made earth levelers may be used 
to level the soil. 


(4) Harrowing Methods--There are three methods of harrowing: cross 
harrowing, parallel harrowing and diagonal harrowing. The method of harrow- 
ing should be determined according to such factors as the size and shape of 
the piece of land, soil texture and direction of sowing. If the land has 
been cultivated for many years or is level and its soil is well-loosened, 
cross harrowing may be adopted; if the land has been allowed to lie fallow 
or is relatively sizable and its soil is heavy, diagonal harrowing should be 
practiced. For the first time after plowing, it is best to carry out parallel 
harrowing in order to avoid inverting the furrow slices. 
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Segmented Harrowing--Also known as back-and-forth harrowing (Figure 8-11), 
this is divided into segmented cross harrowing (i.e., the direction of travel 
of the harrow is at right angles to the plant rows) and segmented parallel 
harrowing (i.e., the direction of travel of the harrow is parallel to the 
plant rows). 


Unsegmented Harrowing--Otherwise known as conventional harrowing (Figure 8-12), 
this also can be divided into unsegmented cross harrowing and unsegmented 
parallel harrowing. 
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Figure 8-1l. Segmented Harrowing Figure 8-12. Unsegmented Harrowing 
Key: Key: 
1. In 1. In 
2. Final trip 2. Out 
3. Out 


Roundabout Harrowing-~-It is also known as harrowing in the shape of the 
character “hui” [0932] (Figure 8-13). This means harrowing round-and-round 
along the four sides of the piece of land toward the center and finally aim- 
ing at each of the four corners, where the harrow makes a turn, harrowing 
once or twice. 


Diagonal Harrowing--This is a method in which the direction of travel by 

the harrow forms a certain angle with the plant rows. Commonly used are 
one-way diagonal harrowing (Figure 8-14) and two-way diagonal harrowing 
(Figure 8-15). With diagonal harrowing, after the main part of the operation 
is done, the harrow should be work along the four sides of the plot once or 
twice in order to eliminate gaps made during previous turns. 
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Figure 8-13. "“Hui'~shaped Figure 8-14. Once-over Diagonal 
Harrowing Harrowing 
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Figure 8-15. Diagonal Harrowing Twice 


Key: 

1, plot somewhat square in shape 

2, plot somewhat rectangular in shape 
3. plot somewhat triangular in shape 
4. In 





(5) Time of Harrowing--Apart from grasping it strictly in terms of 
the workability of the soil, the time of harrowing should be determined in 
accordance with the reasons for harrowing the land. 


(a) On land where it is planned to destroy the stubble, harrowing should be 
carried out at the same time as harvesting of the preceding crop (A stubble 
rake is attached to the rear of the combine to carry out a complex-type 
operation) or immediately after the harvest in order to destroy the crop 
stubble and weeds and conserve soil moisture. 


(b) It is inadvisable to carry out spring plowing on land which is sufferi.g 
from spring drought. But if it is necessary to plow, harrowing should be 
carried out as soon as it is plowed so as to guard against loss of soil mois- 
ture. 


(c) On land which is low lying and easily waterlogged or where, because -f 
its heavy soil, sunning or freezing is planned to lessen the soil moisture, 
harrowing may be omitted after plowing. Or only rough or light harrowing 
may be carried out after plowing. Light harrowing is repeated just before 
sowing. 


(d) Lf in spring it is planned to sow spring wheat or an early spring dry 
land crop on autumn plowed land, harrowing or dragging the land should be 
carried out just before the soil begins to thaw, in order to reduce the 
evaporation of soil moisture, loosen the soil, raise the soil temperature 
and level the ground. Particularly in areas where it is windy in the spring 
or the rate of evaporation of moisture is high, land preparation when the 
soil is frozen can prevent the loss of soil moisture that occurs during pre- 
sowing preparation of the soil. 


(e) In harrowing land with heavy soil after a rain, it is necessary to pick 
a time when the ground has become somewhat dry and do it as required. If it 
is done too early, the soil will be too wet and will easily form into lumps, 
which will become hard, compact clods when dried. If too late, the loss of 
soil moisture will be too great and the soil will harden and not be easily 
broken up. After being harrowed, it will form into clods. In order to pre- 
vent loss of soil moisture, a piece of land should be harrowed as it becomes 
dry. 


(6) Depth of Harrowing--The depth of harrowing should vary with the 
tasks of harrowing. 


(a) In harrowing newly reclaimed land for the first time, a heavy-duty notched 
disk harrow should be used and the designed maximus depth of the harrow should 
be attained so as to break up and rake thoroughly the furrow slices and sod 
cover. 


(b) When harrowing cultivated land or newly reclaimed land for the second 
and third time, the depth of harrowing may be as much as 8 to 12 centimeters. 
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(c) For such work as breaking up the soil crust after a rain and early 
spring raking (dragging) for the conservation of soil moisture, a harrowing 
depth of 3 to 5 centimeters is appropriate. 


(d) The harrowing depth for the removal of stubble is usually 5 to 8 centi- 
meters, but when a stubbled field is to be harrowed and then planted to a new 
crop, the depth of harrowing should be at least 8 to 10 centimeters for the 
first time. 


(e) If harrowing work is to be carried out just a few days before sowing, 
the depth of harrowing should not exceed the depth of seeding so as to avoid 
affecting seed germination through excessive loss of soil moisture. 


(7) Causes for Inadequate Depth of Harrowing 
(a) The hitch point is too high. 
(b) The angle of travel of the har. ow is insufficient. 


(c) The disk blades are dull or the diameter of the disks has been ground 
down through sharpening. 


(d) The additional weight is inadequate. 
(e) The speed of harrowing is excessive. 


(f{) Choking of the implements due to one of the following reasons: the soil 
is too moist, the spacing between the scraper and disk blade is too wide, the 
surface of the disk blade is not smooth. 


2. Pre-sowing Weeding 


(1) Preparation of the field and the drawing up of a work plan are 
the same as in harrowing. 


(2) Selection of Implements--The cultivator is best for pre-sowing 
weeding. Given the conditions of low quality soil preparation or a shortage 
of cultivators, light-duty double-disk harrows, stubble rakes or spike harrows 
may be used, but they are not as effective as cultivators in weeding. If disk 
harrows are used in pre-sowing weeding, a limit collar should be installed 
between the disk blades to limit the harrowing depth to 3 to 5 centimeters. 
This can improve the results of weeding. 


(3) Preparation and Operation of the Cultivator 


(a) Hoes should be selected correctly for use in accordance with the weed 
condition in the field and the quality of soil preparation. If the land is 
relatively full of weeds with perennial roots, spring-trip hoes should be 
selected. But duckfoot sweeps are more suitable for hoeing a field that is 
relatively full of annual weeds. 





(b) There should be a cutterbar overlapping 5 to 6 centimeters for each 
sweep and 10 to 15 centimeters for each cultivator so as to avoid any gapping. 
The installation of the sweep should be level and the cutter blades sharp. 


(4) When preparing for total area cultivation on a piece of land, 
sighting rods should be planted beforehand along the line of travel of the 
cultivator on the first trip according to the back-and-forth method (similar 
to back-and-forth harrowing). At each end of the field, enough space should 
be left for the turn around strip for the cultivator and an implement-lifting 
and lowering line should be marked out. 


(5) Pre-sowing weeding time should be determined in accordance with 
weed germination in the field. Generally, it is suitable that weeding shou < 
be done when the greater portion of weeds within a 5 centimeter-layer of top- 
soil are in the white bud stage. If weeding is carried out too early, the 
effect of destroying the undesired plants will be reduced. 


(6) When preparing to carry out pre-sowing weeding on a piece of land, 
dragging should be done after the thaw in early spring to conserve soil mois- 
ture, raise the soil temperature and induce weeds to grow, so as to guarantee 
timely seeding and heighten the effect of weeding. It is inappropriate for 
the depth of pre-sowing weeding to exceed the depth of seeding. After weeding, 
the field should be dried in the sun for a day to allow the weed sprouts to 
wilt before sowing. 


(7) When a cultivator is used for pre-sowing weeding, a spike harrow 
or a Red Star harrow is usually attached to it for a complex-type operation, 
sc as to attain the purpose of leveling the ground and conserving soil mois- 
ture. 


3. Rolling 
(1) The basis for determining pre-sowing rolling is as follows: 


(a) When the interval between plowing and sowing is too short, the soil is 
too loose, or soil cracks within the cultivated layer are too big, it will 
adversely affect the conservation of soil moisture and normal growth of the 
crop. Under such circumstances, rolling is required to make the seedbed soil 
compact. 


(b) When the quality of plowing is too poor or there are furrow banks or 
soil clods to affect harrowing, it is necessary to adopt the method of rolling 
to press down the furrow slices or break up the soil clods. 


(c) In order to control the sowing depth of small seeds, pre-sowing rolling 
should be carried out to firm the soil so as to make it better for controlling 
the seed depth. 
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(d) If the surface layer is dry and the underground water table is relatively 
high, raising the water Level may be accomplished by rolling the soil. 


(e) After sowing, some crops require irrigation immediately such as paddy 
rice sown directly on a dry field. In order to prevent loss of seeds due to 
irrigation after sowing, pre-sowing rolling should be carried out to firm the 
seedbed soil. 


(2) Im arid areas, after « Y-shaped roller is used in firming the soil, 
the evaporation of soil moisture will be speeded up due to the smoothness of 
the soil surface, thus affecting the conservation of soil moisture. Under 
such circumstances, it is best to attach a light-duty spike harrow or a drag 
made with branches to the rear of the roller and conduct a complex-type opera- 
tion. 


(3) A field in a wet condition cannot be rolled in order that a soil 
crust not be created. 


4. Opening Drainage Ditches Before Sowing 


In the southern part of the country, in areas where there is an abundance 
of rainfall, drainage ditches should be opened for every small plot before sow- 
ing in order to prevent the crop from being soaked. The direction of the 
drainage ditches should run parallel to the longitudinal sides of the field. 

A cross section of a ditch should show that the width of opening is 40 to 50 
centimeters, depth 25 to 30 centimeters and bottom width 15 to 20 centimeters. 
When a ditching moldboard plow is used in the operation, an extension scraper 
should be attached to each of its two wings to level the soil turned up by 
the digging and build ridges. in areas where heavy soil exists, an operation 
should be carried out to pulverize the soil and level the ridges after the 
ditchdigging is completed. A disk harrow may be attached in the front of the 
plow to pulverize the soil and a scraper-leveler may be hitched at the same 
time to the rear of the plow to level the surface. In this way, the ridged 
plot will be rendered suitable tor sowing. 


The width of a ridged plot should be determined according to the drainage 
requirements. In general, it should be the same as the working width of a 
seeder (mot including the space occupied by the ditches of the ridged plot). 
The ditches should be straight, the distance between ditches should be equal 


and the depth of the ditches should be the same, so that they are in good 
shape and water can be drained off easily. 


Lil. Quality Inspection of Soil Preparation Before Sowing 


fhe quality of soil preparation before sowing should be judged in accordance 
with the tasks of soil preparation and requirements of farming techniques. 
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An inspection should be conducted of every work item and each work shift and 

if anything is discovered which does not conform to the quality requirements, 
the work must be done over again or other remedial measures taken. Quality 
inspection of soil preparation before sowing is usually carried out by adoprt- 
ing the diagonal line method. The inspection consists mainly of the following: 


(1) The levelness of the ground surface, looseness of the scil and 
whether or not there are large clods remaining after soil preparation; 


(2) Whether or not the depth of harrowing conforms to requirements; 
(3) Whether or not weeds are elisinated completely before sowing; 


(4) Whether or not there are indications of omitted plowing, omitted 
harrowing or omitted rolling; 


(5) Whether or not the condition of soil moisture conforms to the 
requirements of seeding; and 


(6) Whether or not the edges and corners of the ficld are orderly. 


Soil Preparation in Paddy Fields (Tilling and Harrowing) 
|. Farming Technique Requirements Regarding Soil Preparation in Paddy Fields 


in general, paddy fields require a plowing depth of 15 to 20 centimeters. 
When the plowable layer is shallow, the plowing depth needs to be increased 
gradually, since too much raw soil shold not be turned up in one year. A 
field intended for winter plowing should be drained and plowed under dry 
conditions. In plowing, the soil should not be made too compact so as to 
make it better for weathering. Green manure fields should be plowed under 
at least 19 days prior to transplanting. 


irrigated land should not be replowed or have unplowed areas left uninten- 
tionally. The depth of plowing should be the same; fertilizer, weeds and 
root stubble of the previous crop should be covered tightly; and the ground 
surface should be level after plowing. The number of furrows and ridges 
formed by toward center plowing and outward center plowing should be reduced 
as much as possible. 


The harrowing of paddy fields should be carried out at the right time before 
transplanting or sowing. From harrowing to transplanting or sowing, a cer- 
tain length of time is required for the slurry to settle. The depth of 
harrowing is usually 8 to 14 centimeters. The slurry should be stirred well. 
After it setties, the ground surface will be soft and level. The layer of 
water should be of the same depth and the degree of unevenness in each hill- 
side paddy field should not exceed 4 centimeters. 
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II. Organization of Soil Preparation Work in Paddy Fields 


l. Drawing Up a Work Plan 


Except that it needs to be coordinated with the plan for water use in 
irrigation, the work plan for soil preparation in paddy fields is the same 
as that for dry fields in principle as well as in content. 


2. Selection and Preparation of Implements for Use 


(1) When a wheel-type tractor is used for work in a paddy field, be- 
sides changing the wheels for rib rubber tires or paddy-field iron tires, the 
oil filling hole, oil drain plug, inspection oil plug and dipstick opening 
located in relatively low positions of the tractor should be sealed in order 
to prevent mud and water from seeping in while the machine is in operation. 
When a track-type tractor is used to work in a paddy field, conversions should 
be made and measures taken to seal its moving parts in order to prevent mud 
and water from seeping into the drive sprocket, reducing gear box and stabilizing 
wheels causing obstruction or damage to them while the tractor is in operation. 
The caps of the oil filling hole, ofl drain plug and dipstick opening should 
be twisted tight and sealed. The endless tracks should have more slack than 
when the tractor is at work on a dry field, so as to reduce frictional damage. 


The selection of a tractor should be determined in accordance with the size 

of the fields, the set of agricultural implements selected for use, and the 
conditions of the roads, ditches and levees. If the fields are saall and 

the roads, ditches and levees are narrow, a medium or small wheel-type tractor 
may be selected for use. In a paddy field where the slurry is deep, ditches 
and levees are wide and plots are relatively large, a medium track-type 
tractor which has good performance in crossing over ditches and levees, strong 
performance in anti-sinking, and its lifting and towing force is great is suit- 
able for use. As for small plots where the slurry is deep and paddy fields 
where it is easy for machines to sink, paddy field boats may be selected for 
field-work operation. 


(2) There are many models of paddy field plows made locally all over 
the countr’. Representative of these is the “East is Red series”, whose 
technical reference data are shown in the table below: 
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Model and brand name 

ILX-3-20 direct-mounted paddy field 3-bottom plow 

East is Red-325 direct-mounted 3-bottom plow 

ILYX-320 direct-mounted triple-disk plow 

ILKX-4-25 direct-mounted 4-bottom plow 

ILX-5-20 direct-mounted paidy field 5-bottom plow 

East is Red-727 direct-mounted 7-bottom plow 

Number of bottoms (disks) 

Plowing width (centimeter) 

Single bottom (disk) 

Total plowing width 

Maximum plowing depth (centimeter) > 
Adaptable for specific soil resistance (kilogram/centimeter ) 
Wet plowing, dry plowing 

Tractor setup 

East is Yed-25 or East is Red-20 


Cove wWwN eK OO Osu & w iv 
>_ * = @ #@ #@ @ eM Me MR RR ee 


17. Bumper Harvest-27 or Bumper Harvest-35 
18. East is Red-20 

19. East is Red-40 or Bumper Harvest-35 
20. Bumper Harvest-35 or East is Red-40 
21. East is Red-54/75 

22. Productivity (mou/hour) 


(3) With a view to trying to find time to carry out field operation and 
rushing to keep to the farming schedule, complex-type implements, such as the 
combination plow and harrow and rotary tiller, should be selected as much as 
possible for use in areas where complex plowing and harrowing operations may 
be adopted. 
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(4) Paddy field harrows are mostly of the lift-type, which have the 
advantage of operating in a small area of the field on account of its 
maneuverability. Bladed harrows, rotary harrows and tilling-pulverizing- 
rolling combination harrows all can serve the purpose of crushing the soil, 
slicing the green manure, removing the stubblc and stirring the slurry. Tine- 
type combination harrows, however, avec only suitable for breaking up the soil, 
stirring the slurry and leveling the surface in a paddy field after it is 
plowed. 


The technical reference data for paddy field harrows are as follows: 
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2. PXD-1.5 direct-mounted paddy field harrow 

is. POQX=-1.8 direct-mounted paddy field star harrow 
4. FBS-2-1.8 tandem rotary harrow 

5. PLX-2.0 combination paddy field harrow 

6. BLX=-2.2 helical integrated harrow 

7. East is Red-3.0 direct-mounted paddy field harrow 
|. Harrowins: width (centimeter) 

9. Maximum harrowing depth (centimeter) 
10. Number o: sections in the harrow 
ll. Tractor setup 
12. East is Red-20 


[key continued on next page] 











[Continuation of key] 


13. 
14. 
15. 
16. 
17. 
18. 
19, 
20. 


21. 


22. 


23. 


25. 


26. 


Bumper Harvest-27 

Bumper Harvest-35 

East is Red-40 

Fasc is Red-54/75 

Productivity (mou/hour) 

(Calculated in terms of harrowing twice) 

(Calculated in terms of harrowing once in third gear) 

Usage 

Suitable for surface work in a paddy field after plowing, such as crusi- 
ing or pulverizing the soil, destroying the stubble, working up a slurry 
and smoothing the surface. Also suitable for directly harrowing stubble 
fields with slurry in the summer. Unsuitable for harrowing paddy fields 
under dry condition. 

Suitable for harrowing paddy fields in the southern part of the cour ry 
after spring or summer plowing, for the purpose of crushing the soil, 
destroying the stubble and working up a slurry. Suitable for both green 
manure crop fields and winter crop fields. Also may take the place of 

a plow in field work in the summer. 

When used in rolling a green manure crop field after spring plowing, it 
serves to crush the green manure to pieces, cover the plant residue, 
pulverize the soil and work up a slurry; when used in rolling a rice 
stubble field with slurry after the harvest of an earlier crop, it may 
take the place of a plow in destroying the stubble, crushing the soil 
and stirring the slurry. 

Suitable for harrowing paddy fields after spring or summer plowing. At 
the time of summer plowing, it also may take the place of a plow in 
pressing rice stubble directly into the sludge. Also suitable for plow- 
ing under rice straw and harrowing green manure crop fields in the spring. 
Suitable for harrowing fields under wet conditions after spring or summer 
plowing. Also suitable for working rice stubble fields in the summer as 
a substitute for a plow and for plowing under rice straw. May be of some 
use in crushing the soil, working up a slurry, mixing in base manure, 
covering plant residue and removing stubble. Unsuitable for dry plowing. 
Suitable tor harrowing paddy fieids of sandy clay loam or average loamy 
soil after spring or summer plowing. Also can be adapted for use in 
raking fields after plowing given the condition that green manure crop 
fields have been plowed in the spring and rice stubble has been plowed 
under in the summer. 
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3. Preparation of Land and Roads 


(1) Im general, it is suitable that a field to be tilled and harrowed 
under wet conditions should be divided into rectangular plots of 3 to 5 mou 
in size. If the land is level and a track-type tractor is to be used in 
field work, then the plots may be enlarged accordingly. 


(2) Given the precondition that it is in conformity with the require- 
ments of irrigation management, the cross section of ditches between fields 
should be reduced and the number of such ditches cut down as much as possible 
in order to make it convenient for a combination of implements to maneuver and 
turn around. 


(3) The layer of water in a field to be harrowed must be suitable. 
Usually, it is good to have a depth of 3 to 5 centimeters of water. This 
means that no water is seen at the top of the furrow slices, but there is a 
layer of water at the bottom of the furrows. Prior to harrowing, generally 
it is necessary to soak the furrow slices for 2 or 3 days so that at the time 
of harrowing it will be easy to crush the soil and stir the slurry. The 
soaking time of a green manure field or a wheat stubble field should be some- 
what longer. 


(4) Such obstacles as residual mud holes, mud water wells, stones and 
water pipes should be removed from the field. Markers must be placed where 
these obstacles cannot be removed in a short time. Moreover, it is necessary 
to check and remove all obstacles on roads and paths of travel over the land. 


4. Methods for Tilling and Harrowing in Paddy Fields 


(1) Tiling Land Under Wet Conditions--Generally, due to the fact that 
paddy fields are relatively small in size, outward center plowing is practiced. 
After plowing, a crest is formed in the center of the fieid and furrows are 
formed on the edges. Later, at the time of harrowing, it will be easy to 
level the crest. Moreover, since a harrow on its return trip has a tendency 
to heap soil coward the sides, it will easily level the land. The first plow 
-hould locate the position of the center line in the middle of the plot and 
a sighting rod should be placed at each end of the field. Turn around strips 
equivalent to three to five times the plow width should be left at both ends 
of the field. (If the combination of implements is long and the plow width 
is narrow, the turn around strips should be widened accordingly.) In plowing, 
when the remaining distance is equal to the width of the edge of the field, 
two-way plowing should be used the rest of the way until the edge of the field 
is plowed as the last strip. 


(2) Harrowing Land Under Wet Conditions--In general, the method of 
two-plot unsegmentary one-way harrowing is employed (as shown in Figure 8-12). 
Round-and-round harrowing may also be used (Figure 8-13). However, for the 
reason that paddy fields are relatively small in size, after they are harrowed 
by tne round-and-round method, no additional harrowing is required for the 
corners. 








Harrowing land under wet conditions should attain mainly on the first 
trip the purpose of crushing the soil, slicing the green manure, removing 
the stubble and stirring the slurry. On the second trip, stress should be 
placed on leveling the surface of the field. To accomplish this, first of 
all, it is required that while at work, the harrows be at a horizontal posi- 
tion. They should not tilt either to the left or to the right. Neither 
should they incline forward nor recline backward. Otherwise, the length of 
the Lift of the implement-attaching mechanism should be adjusted to correct 
the tilt. It is necessary to make use of the depth control device in the 
implement-attaching mechanism to hold the depth of harrowing in check. Such 
phenomenon as deep harrowing in one spot and light harrowing in another spo: 
must not occur. 


There should be a certain amount of second harrowing between laps of a 
back-and-forth operation in order to avoid leaving behind small ridges omitted 
in the first harrowing thereby accomplishing the leveling of the land. 


In the course of harrowing, build up of soil will affect leveling of 
the surface and the causes for this need to be removed in good time. The 
commonly known causes for soil build up are as follows: The layer of water 
is too shallow or there is no water on the surface; the rotating parts of the 
implements are not functioning properly; the frames of the harrows as well as 
the gaps between harrows are clogged with weeds. When build up is discovered, 
the causes should be checked out and eliminated in good time. 


The direction of harrowing on the second trip should be the same as on 
the first trip in order to avoid root stubble appearing on top of the slurry. 


5. Items to be Noted in the Course of Tilling and Harrowing in Paddy Fields 


(1) In tilling and harrowing fields under wet conditions, every 
machinery work team should mark out lines of maneuver and travel that are 
more direct and cross fewer ditches and levees. A team should not trave. on 
fields that have already been harrowed so as to avoid disrupting the surfaces 
of the fields. 


When maneuvering on a piece of land or crossing a ditch or levee, the team 
should lift the implements attached to the tractor so that damage to the 
ditch or levee may be lessened and damage to the implements themselves may 
be prevented. At the time that the team is maneuvering into or out of a 
piece of land, there should be people there whose job it is specially to 
repair any ditches or levees that may be crushed, in order to maintain the 
layer of water in the field. 


(2) After an operation, each shift should wash down the implements and 
check all lubricated components, bearing housings and oil troughs, as well as 
the reducing gear boxes, stabilizing wheel boxes and shaft journals of tracked 
vehicles to see whether muddy water has seeped into them. If a change in color 
of the lubricant to a dull gray is detected, it is a sign that muddy water has 
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seeped in. Tnen the lubricant should be changed, the causes of seepage 
should be checked out, and the seals for lubrication and of all rotating 
parts should ve fixed. After completing an operation, the bearings of all 
rotating parts of the implements should be lubricated at the same time. 


(3) While at work in a paddy field, the bottoms of the tractor and 
of the agricultural implements that it tows are submerged in muddy water. 
Their regulating positions rust easily and any loosening of the mud-covered 
fastening screws will be difficult to detect. Hence, when adjustments are 
being made to a combination of implements before it is dispatched to work in 
a paddy field, such positions as the regulating guide screw of a tracked 
vehicle's guide wheel and the regulating draw bar of an attached implement 
should be daubed with a calcium base grease and wrapped with a piece of oil- 
cloth (plastic sheet) for protection. At the time the vehicle or implement 
undergoes servicing, the condition of the protective layer should be checked 
and all loosened bolts and oil seals tightened. 


(4) When a tracked vehicle operates in a paddy field, due to chain 
friction, its tracks wear out relatively fast. But, for a tractor which is 
concurrently working in both paddy and dry fields, it is best not to replace 
the worn tracks for new ones. However, it must be guaranteed that there are 
no obstacles in the paddy field that may cause the cahins of the tractor to 
become disengaged or its tracks to break. Prior to the start of an operation, 
tracks as well as pins and shafts should be checked to see whether they are 
all in good condition. Tracks which show signs of cleavage or are about to 
wear down should be changed. The tightness of the track chains should be 
loosened, but not to the extent that it causes disengagement. 


Prior to sending a rubber-tired tractor te a paddy field, it is necessary 

to check carefully the functional reliability of the tires and inner tubes 
in order to avoid having tire trouble while the tractor is at work. After 
each shift completes its work, the tractor should be driven out of the field. 
Parking it in the muddy water is not permissible. 


(5) Following the harrowing of a paddy field, it should be complemented 
by leveling the edges and corners of the field with animal power. 


ill. Quality Inspection of Soil Preparation in Paddy Fields 


Owing to the fact that a combination of farm implements has to maneuver over 
a relatively s;reat number of plots in a paddy field operation, inspection 
should be conducted at any time within a shift and if any problem concerning 
quaiity is brought to light, corrections should be made in good time so as 
to avoid having the team travel back and forth. 


(1) The depth of plowing and that of harrowing should be checked to 
see whether or not they are in conformity with requirements. Inspection should 
also be made for any omitted plowing or harrowing. 
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(2) Green manure, weeds and root stubble should be checked to see 
whether or not they are covered completely. 


(3) Inspection should be made after harrowing for lumps or strips of 
mud are on the surface of the field. The levelness of the surface and whether 
or not the mud is well mixed should be checked. 


Seeding 
1. Seeding Tasks and Farming Technique Requirements 


The task of seeding is to sow, plant or scatter seeds timely and uni- 
formly in accordance with the prescribed depth of seeding and thickness of 
soil covering, so as to create good conditions for the germination of the 
seeds and growth of young seedlings. The farming techniques requirement: 
regarding seeding are as follows: 


(1) Seeding tasks should be accomplished seasonably within the shortest 
possible time in accordance with local natural conditions and the requirements 
of crop varieties. 


(2) The seeding rate should conform to the requirements prescribed, 
the seeds should be distributed evenly, and there should be no manifestation 
of seeds having been spread outside the furrows. 


(3) The seeds should be sown according to the prescribed depth of 
seeding. That this depth is uniform and that the soil covering is compact 
and even should be guaranteed. 


(4) The rows for seeding should be straight, the distance between rows 
uniform and the edges of the field orderly. 


(5) There should be no omitted sowing and no resowing. 


(6) After seeding, rolling should be carried out in time according to 
requirements. 


Il. Organization of Seeding Work 
1. Land Preparation 


(1) Soil preparation should be checked to see whether or not it is 
ready for seeding. In arid areas, it is also necessary to pay attention to 
soil moisture. If the soil moisture is insufficient, such measures as roll- 
ing, irrigation and converting the seeder so that it will part the soil while 
seeding, should be taken to remedy the situation so as to guarantee the timely 
germination of seeds after they are sown on moist soil and the timely emergence 
of young seedlings above the ground. 
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(2) Obstacles in the field should be removed. Signs should clearly 
mark spots where obstacles cannot be removed in a short time. 


(3) The direction of seeding and the method of travel of the farm 
implements should be determined in accordance with the size, shape and lay 
of the plot. If it is situated on a slope, seeding should be carried out in 
rows along contour lines. 


(4) All sections of the roads over which the farm implements will 
travel should be checked. If some are not wide enough for a seeder to pass 
or if there are obstacles, such as a tall mound, a heap of earth or a big 
piece of rock, these should either be altered or be removed in order to pre- 
vent the furrow openers from being damaged in the course of travel. 


(5) Markers should be placed along the line of travel for the first 
trip and turn around strips for the implements should be marked out in 
accordance with the set direction of seeding and the combination of farm 
implements. Generally, the width of the turn around strip should be 3 to 4 
times the operating width of the combined farm implements (as shown in the 
table below). 


Width of Turn Around Strip of the Edge of the Field and Line of Travel for 
the First Trip by Seeders in Different Combinations 


Number of 24-row Working width Width of turn Distance between line of 





or 48-row seeders of combination around strip travel on first trip and 
in combination (meter) (meter) edge of plot (meter) 

l 3.60 14.40 1.80 

2 7.20 28.80 3.60 

j 10.80 43.20 5.40 

5 18 .00 72.00 9.00 


2. Seed Preparation 


Prior to sowing, it is necessary to do well the work of seed sorting, 
germination testing, seed treatment and seed investigation. If it is to be 
precision spoc seeding or hole seeding, it is all the more important to pay 
attention to seed sorting and see to it that the seeds are uniform in size. 
in the case of seed corn, it is necessary to select seeds from the midsection 
of an ear of corn so as to avoid affecting adversely the quality of spot seed- 
ing [dibbling] or hole [hill] seedling. 
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3. Drawing Up a Plan 


A seeding work plan should be laid down and the lines of travel for 
the tarm implements should be mapped out. 


4. Selection and Preparation of Farm Implements 


(1) Types of Seeders--There are at present two types of Chinese-made 
seeders: grain drill-fertilizer spreader and cultivator-grain seeder. 


(a) Grain Drill-Fertilizer Spreader--This type of seeder includes such 
models as the BF-24A, BCF-48 and 2BLX-ll. It is used primarily for the row 
seeding of cereal grain crops, but it may also be used for the row seeding 
of such interrow tilled crops as kaoliang, millet, corn and soybean. 


(b) Cultivator-Grain Seeder--This type of seeder includes such models a» 
the BTX-4 all-purpose frame seeder, pneumatic seeder and BT-3.9 all-purpose 
seeder. It is used mainly for the spot, hole or precision spot sowing of 
corn, kaoliang, soybean and cotton. (The pneumatic seeder is unsuitable for 
sowing cottonseeds with pubescence.) Some models can also be used for row 
seeding. After changing a few machine accessories, other models may also 
be used in carrying out interrow tillage. These include the BTX-4 all- 
purpose frame seeder and BZ-7 “Long March” seeder-cultivator. The general 
performances of the seeders are as shown in the preceding table. 


(2) Preparation of Sowing Implements--The preparation of various 
implements should be completed 10 to 15 days prior to sowing. 


(a) Seeders should be inspected and repaired so that they may attain the 
following technical conditions: 


(i) The grain box has a tight fit and does not leak its content; the seed 
shaft should rotate without hindrance; the seed roller, seed cutoff and 
seed-feeding tongue should be able to adjust automatically; the seed disk 
should rotate with ease and be convenient to adjust; the connection between 
the seed tube and seed-sowing device should be reliable. 


(ii) The furrow opener should be well-lubricated. The forward blades of 
its two disks should be close to each other. If there is a gap, it should 
not exceed 1 millimeter. The draw bar of the furrow opener must not be 
twisted out of shape and the leasticity of its reinforced springs should be 
uniform. The row spacing installation of the furrow opener must be accurate. 
When the use of a track-type tractor as the pulling force for the cultivator 
is planned, then at the time of mounting the furrow opener, space should be 
allowed for the chain-tracks and the transport wheel of the hitch mechanism 
should set down exactly between two rows of planted seeds. 
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Main Technical Performances of Several Kinds of Seeders 
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1. Model and brand name 
2. BGF-48 grain seeder-fertilizer spreader 

3. BF-24A fertilizer-seeder 

4. BGX-16 direct-mounted grain seeder 

5. 2BLX-11 seeder 

6. BT-3.9 all-purpose seeder 

/. BTX-4 general-purpose toolbar row-crop seeder 
8 Pneumatic seeder 

9. BZ-7 “Long March” seeder-cultivator 

10. Number o: rows 

ll. Drill seeding 24; hole seeding 6 

12. Width of row for seeding (meter) 

13. Drill seeding 3.6; hole seeding 3.6 to 3.9 
14. Variable 

15. Design cc seeding mechanism 

16. Fluted-wheel type 

1/. Drill seeding--fluted-wheel type; hole seeding -- revolving-plate type 
\8. Horizontal-plate type 

19. Double-disk pneumatic type 
20. Seeding method 
Zi. Drill seeding 
22. Drill seeding and hole seeding 
[Key continued on next page] 
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(Continuation of key] 


23. Hole seeding 

24. Design of furrow opener 

25. Double-disk type 

26. Hoe type 

27. Stub type 

28. Drill seeding -- large and small disk type; hole seeding -- shoe type 
29. Shoe type 

%. Curved-blade type and shoe type 

3l. Deep-furrow type 

32. Design of fertilizer spreader 

33. Star-wheel type 

4%. Tractor setup 

35. Tractors of different horsepower can tow one or more seeders 
%. Bumper Harvest-27 or East is Red-28 
2). East is Red-20 or T'ai~-suan-25 

38. Bumper Harvest-35 or East is Red-28 
399. Iron Ox-55 or East is Red-40/28 

40. East is Red-54/75 

41. Productivity (mou/hour) 

42. Type of Linkage 

43. Drawn-type 

44. Direct-mounted type 


(iii) There should be no slippage of the gears and transmission chain wheels. 
The clutch should engage and disengage precisely and handily. The lifting 
and lowering mechanism should be dependable. 


(iv) Im a big-base hitching operation, a safety chain should be additionally 
installed at the hitch point of the seeder in front so as to prevent the hitch 
pin from slipping off and causing an accident. In order to insure that the 
row spacings between the connected seeders are correct, a 184-centimeter-long 
restrictor rod may be used to connect the mounting frames of the seeders on 
either side to the seeder in the middle (i.e., the front seeder). This 
linkage (known as movable rigid linkage) should be easy to detach when the 
machinery is making a tight turn. 


(v) Following the adjustment of the seeders and completion of the width con- 
trol linkage, lines should be drawn with paint on the hitch point of every 
seeder to the hookup mechanism and on the fixed point of every furrow opener 
on the seeder, so as to be able to detect any displacement while the machinery 
is in operation and insure the correctness of the row spacings as well. 


(b) The method of seeding should be determined. The sowing mechanism of a 
gear-driven 24-row seeder may be adjusted according t the size of the grain 
for upper seeding (such as sowing large grains as soybeans and corn) or for 
under seeding (such as sowing small grains as wheat and millet). 
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Method of travel of 





the seeder Reach of left row marker Reach of right row marker 
Back-and-forth method > Braet 
Counterclockwise toward B-a+™ . 
center seeding 2 
Counterclockwise out- Left row marker is used 
ward center seeding only on first trip B+a+M 
State 2 
2 
Clockwise outward B-ati Right row marker is used 
center seeding 2 only on first trip 
B-a+M 
2 
Ciockwise toward _ B+a+M 
center seeding 2 





In the formulas: 


B - Working width of seeder(s); 

a - Distance between outer edges of two caterpillar tracks of tractor of 
distance between two front wheels (center of wheel); 

“ - Distance between furrow openers of seeder on adjacent rows (i.e., row 
spacing). 


The reach of a row marker is the distance from the bottom part of the disk of 
the marker to the outermost furrow opener of the seeder. When one of the 
above formulas is used in calculating the reach of a row marker, either the 
outer edge of the right caterpillar track or the center of the right front 
wheel of the tractor should be used for marking during field work. 


(c) The grain box and sowing mechanism should be clean and seed mixture should 
be strictly guarded against. 


(d) Row markers and sighting markers should be mounted. The reach of a row 
marker is affected by the method of travel of the seeder(s). The formulas 
for calculating the reach are given in the table above. 


The sighting marker is a device mounted on the right (or left) front-end of 

a tractor to aid the eyes of the operator in taking aim at the lines made by 
the row marker (or when used singly, to aid the eyes of the operator in taking 
aim at the marks left by the transport wheels of the seeder). It consists of 
a telescopic adjusting Level and a perpendicular rod. 
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When a sighting marker is used im combination with a row marker, if the 
sighting marker is mounted on right side of the tractor, the reach of the 

left row marker may be reduced in clockwise outward center seeding or in 
counterclockwise toward center seeding and the reach of the right row sarker 
may be shortened in to-and-fro seeding. If the sighting marker is mounted on 
the left side of the tractor, then the reach of the right row marker say be 
shortened in counterclockwise outward center seeding or in clockwise toward 
center seeding and the reach of the left row marker may be shortened in 
to-and-fro seeding. The reach to be shortered should be equal to the dis- 
tance (known as the effective length of the sighting marker) between the outer 
edge of the right track (or the center of the right front wheel) of the trac- 
tor and the perpendicular rod of the sighting marker. The reach of the row 
marker at this time should be the reach as calculated according to the fornula 
in the above table less the effective reach of the sighting marker. 


When a sighting market is used in combination with a row marker, the tracior 
operator does not have to mark with the outer edge of the right track or with 
the right front wheel and needs only to aim the lower end of the perpendicular 
rod of the sighting marker at the furrow mark left by the row marker. That is 
enough. 


When the sowing width is relatively narrow and the sighting marker is used 
singly, the formula for calculating the reach of the marker from the perpendicvu- 
lar rod to the center of the tractor is as follows: 





In the formula: 


A is the reach of the sighting marker (i.e., distance between center of 
tractor and perpendicular rod of sighting marker); 


B is the operating width of seeder(s); 


C is the distance between the outermost furrow opener and the center of 
transport wheel of seeder of the same side; 


M is the distance between the rows of crop plants. 


{e) Sights should be mounted on tractors so as to enable them to sow seeds in 
a straight line on the first trip thereby creating conditions for [good] 

field management later. The method is to paste two strips of paper on the 
windshield in the operator's compartment and draw between the two strips a 
perpendicular line exactly between the two control levers of the tractor (if 
it is an East is Red-54, the line should be 24 centimeters to the right of 

the center line of the tractor) or in front of the center line of the steer- 
ing wheel. t the same time, a pointed wooden «tick should be atta.«ed or an 
iron rod should be welded to the tractor at a position equidistant frum the 


450 








front-end and the center lime. When sowing on the first trip, the operator 
should from beginning to end take aim at the sighting rods for the tirst 

trip from his operating position in driving the tractor forward so that seeds 
are sown in straight rows. 


if, after the first trip, the sight is still used for aiming at the marks 
made by the row marker when sowing, then the reach of the row marker should 
be calculated according to the formulas given below. 


(i) Calculation of the reach of the row marker when the sight is located 
on the center Line of the tractor: 


Reach of left or right row marker = operating width of seeder(s) + row spacing 
; 2 


(ii) Calculation of the reach of the row marker when the sight is located at 
a position 24 centimeters to the right of the center line of the tractor: 


Reach of left or right row marker = operating width of seeder(s) + row spac- 
ing ‘2 + 26 centimeters 


As to whether "+" or "-" 24 centimeters should be applied, reference may be 
made to the table on the preceding page listing the formulas for calculating 
the reach of a row marker. This is because it is similar to calculating the 
reach "+" or “-" the distamce to the outer edge of the track (or the center 
of the right front wheel). 


(f) In order to facilitate comaunication between personnel of the work team 
and insure the safety of men and machines, a steam whistlc may be mounted on 
the exhaust pipe of the tr.scto:. Or signals gay be arranged and communica- 
tion by signals may be established between front and rear through a safety 
rope with a pulling force mot to exceed 2 kilograms and controlled by the 
\ractor operator and the ,ersonnel working on the seeder(s). 


5. Adjustment of Seeding Rate 


(1) caleulation of Seeding Rate--The discharge rate at each seed port 
of a seeder should be calculated according to the seeding rate required by 


farming techniques. The specific formula for calculating the discharge rate 
is as follows: 


Discharge rate at each seed port (catty) = seeding rate per mou (catty) x row 
spacing (meter) x circumference of transport wheel (meter) x projected number 
of revolutions of transport wheel ‘ 666.7 (meter?) 


in the formula: 


if tertilizer is applied together with seeding, the seeding rate per mou is 

the sum total of the seeding quantity and the amount of fertilizer applied. 
leo, the discharge rate at each seed port should be the sum total of the 
mantity of seed and fertilizer discharged; 
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if there are wide rows as well as narrow rows, the average distance betveen 
rows should be taken; and 


The projected number of revolutions of the transport wheel say be arbitrarily 
fixed--wither 15, 20 or WO revolutions will do. 


(2) Preparatory Work Regarding Adjustment of Seeding Pate 


‘a) Raise the seeder frame so that the transport wheel can be rotated freely 
while maintaining the horizontal position of the bottom of the grain box; 


(b) Add the seeds to be sown (which may be treated with chemicals or mixed 
with fertilizer for mixed sowing according to requirements) to the grain 
box--these seeds gust fill at least one-third the volume of the grain box; 


(c) Rotate the transport wheel 2 or 3 times so as to fill the feed cup sith 
seeds; 


(d) Hang a cloth bag on each seed port in order to collect the seeds dis- 
pensed; 


(e) Calculate the revolving speed (about 20 to 25 revolutions per minute) 
of the transport wheel when adjusting the seeding rate in accordance with 
the traveling speed when seeding. 


(3) Method of Adjusting the Seeding Rate--Rotate the transport wheel 
of the seeder according to the prescribed number of revolutions and speed, 
collect the seeds dispensed by the different seed ports and measure their 
weight accurately. If there is any error, the working length of the seed 
roller should be adjusted. This means moving the “djustment lever in the 
direction required. In the case of a disk feed or suction feed, the seed 
disk should be changed for one with seed holes of a different size and the 
test repeated. If the error is large and moving the adjustment lever or 
changing the seed disk still does not achieve what is required, then the 
transmitting ratio of the transmission gear or chain gear should be changed 
and another adjustment test made. Such adjustments are made so that sowing 
from the different seed ports is even and the flow of seeds therefrom is 
uniform. The method for adjusting the evenness of sowing is either to in- 
stall or remove a specially-made horse hoof-shaped washer from the fluted- 
wheel feed, or in the case of a revolving disk feed, to check the uniformity 
of holes in the need isk as well as the uniformity of holes in the seed 
disk as well as the uniformity of the seed scraper while in motion. With 
some seeders, the evenness of sowing is regulated by adjusting the position 
of the seed feeding tongues individually and the size of the seed ports. 


The total seed rate of the various seed ports must not be less than the 
required rate of seeding. The allowance error is to be not more than 2 to 
} percent of the prescribed rate of seeding. It is required that the even- 
ness of sowing from the various seed ports not exceed 2 to 4 percent of the 
average seed rate of a single seed port. 
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Followiag the adjustment of the seeding rate, checks must be repeated 
up to five times. Only when the seed rate is stabilized can adjustment be 
ogarded as up to the mark. Then the seeding rate control device is locked. 
As for fluted-wheel feeds, a “sample rule" (also known as a seeding rate 
caliper) may be constructed to measure the working length of various seed 
rollers so as to facilitate checking at any time while work is in progress. 


In the case of the sowing devices of a seeder, one-half of which is 
driven by the transport wheel, following the adjustment of the ground-driven 
half, a “sample rule" may be used first to preadjust the other half, or for 
that matter, other seeders of the same model, in accordance with the condi- 
tions of the already adjusted half. Precise adjustment may be made during 
seed-sowing tests. In this way, working time may be saved. 


For broadcasters which distribute seed and fertilizer separately, 
adjustment of the fertilizer spreading rate should be made right after the 
seeding rate is regulated. The methods of calculating ard adjusting the 
fertilizer spreading rate are the same as those for the seeding rate. Only 
the adjusting devices are different. For exazple, a star-wheel feed is 
adjusted either by enlarging or reducing the fertilizer discharge outlets or 
by changing the speed of rotation of the star wheel. 


6. Determinaticn of the Method of Seeding 


(1) Back-and-Forth Method of Seeding--It is the same as the segmented 
method of harrowing (back-and-forth method of harrowing). This means that 
the seeder(s) moves forward in the proper order from one side of the field 
to the other and after each trip, executes a pear-shaped turn before the 
next trip is begun. This is continued without interruption until the main 
portion of the field is sown. Then sowing of the edges of the field is under- 
taken. 


(2) Toward Center Method of Seeding--This means that the seeder(s) 
enters . piece of land on one side and goes round and round toward the center 
and only makes a pear-shaped turn on the final round. According to the direc- 
tion that the seeder(s) is traveling in a circle, this method may be divided 
into clockwise toward center method and counterclockwise toward center method 
of seeding. 


(3) Outward Center Method of Seeding--This method calls for the seeder(s) 
to make a trench in the center of a piece of land and go round and round out- 
ward from the center. According to the direction that the seeder(s) is 
traveling in a circle, it may also be dividea into clockwise outward center 
method and counterclockwise outward center metiiod of seeding. 


(4) One-way Method of Seeding--This is the same as the line of travel 
in the unsegmented method of harrowing (one-way method of harrowing). In 
adopting this method, it is necessary to mark off a piece of land into an 
even number oi equal plots. The width of each plot is an integral multiple 
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of the operating width of the seeder(s), but it must not be smaller than the 
operating wicth of a 3-seeder unit. If the width of the plct is thrice the 
operating wicth of the seeder(s), the unseeded area left by the seeder(s) 
when making «2 turn at the edge of the field is the smallest; if it exceeds 
five times, then the unseeded area is greater than in the back-and-forth 
method of seeding. 


(5) In row-crop planting, the back-and-forth method of seeding is 
commonly used on land of great width and length and with regular sides, in 
order to keep the rows of seeding straight. On a piece of land that is 
narrow and relatively short and whose sides are not quite regular, the method 
of clockwise outward center seeding is commonly used after a trench is made 
in the center of the field, because the arm of the row marker used in clock- 
wise outward center seeding is relatively short and therefore convenient to 
operate. 


7. Seeding 


(1) Selecting the Place for Refilling the Seed Box--Prior to sowing, 
it is necessary to determine the place for refilling the seed box in accordance 
with the length of the piece of land, the per mou seeding rate and the seed 
box capacity. After sowing 80 percent of the wheat seed in the seed box, a 
24-row seeder may still be able to seed the following lengths of field: 


Gents Length that may be sown by a 24-row seeder 
"eecinpr rate 





(catty, mou) - wheat Barley Oats 
13.5 5390 4200 3100 
15.0 4850 3850 2850 
16.0 4450 3500 2600 
17.5 4100 3250 2400 
19.0 3800 3000 2250 
20.0 3550 2800 2050 
21.5 3350 2650 1950 
23.0 3150 2500 1850 
24.0 2950 2350 1750 
25.0 2800 2200 1650 
27.0 2650 2100 1150 


In general, the plece for refilling the seed box is set up at one end 
of the field. But if the piece of land is relatively long and the seeder's 
seed box cannot hold enough for a round trip, refilling may be made at both 
ends of the field. This is done when the seeder(s) has stopped after passing 
the implement lifting and lowering line for the turnaround. In order to 
shorten the time of refilling, the seed filling crew should get the seed (Any 
bag of seed that is too heavy should be divided into smaller bags) ready te- 
fore the seeder(s) reaches the edge of the field. After the seeder(s) hv: 
stopped, aside from checking, adjusting and carrying out the necessary main- 
tenance on the mechines, the work crew on the seeder should assist the seed 
filling crew in fulfilling its task. 
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For the purpose of raising the efficiency of sowing and insuring the 
accuracy of the seeding rate, the operating method of "bagging seed in fixed 
quantity, filling seed at equal distances, checking for accuracy both coming 
and going, rechecking after each shift, and making a final accounting plot by 
plot” should be adopted as part of determining where the seed refilling area 
should be. This means bagging in fixed quantities (generally 50 to 60 catties 
a bag) all seed delivered to the field. Figure out the seed quantity to be 
sown on every round trip beforehand, determine how many round trips can be 
made with one refilling in accordance with the seed box capacity, position 
the seed refilling area, determine the number of bags of seed needed to refill 
a seeder at each refilling area, deliver the required ameunt of seeds to the 
refilling areas before an operation is started, and carry out refilling at 
equal distance and in fixed amounts. In this way, checking for correctness 
of the seeding rate can naturally be conducted every time that a refilling is 
made. if it is detected that in the light of seed consumption there is an 
apparent difference between the actual seeding rate of a certain seeder and 
the calculated rate, that seeder should be checked and adjusted in good time. 
Following the completion of an operation by a shift or on a piece of land, 
another checking for accuracy of the seeding rate should be conducted in terms 
of the seeded area and the number of bags of seed consumed. 


(2) Trial Sowing--Prior to sowing, trial sowing should be carried out. 
the main task of trial sowing is to conduct a further check-up of the tech- 
nical condition of the seeder and the qualitative requirements that it can 
meet and to detect problems through trial sowing thereby correcting them in 
good time. The content of the check-up includes the following: 


(a) Checking Uniformity of Row Spacings--Open the seed furrows of two connec- 
ted furrow openers to the depth of seeds sown and measure the perpendicular 
distance between the seeds in the two furrows (as in Figure 8-16). It is 
required that the difference between adjoining row spacings of two seeders 
should not exceed + 1.5 centimeters and that between adjoining row spacings 

f two seeder work teams should not exceed + 2.5 centimeters. If the difference 
exceeds these stipulations, the hitch point on the hookup mechanism of the 
seeder should be adjusted in the former case and the reach of the row marker 
should be checked and regulated in the latter case. 


(b) Checking the Depth of Seeding--In checking the depth of seeding, select 
points (not less than 10) along a diagonal line for measurement and after 
measuring with a ruler (as in Figure 8-1/), take an average. If the depth of 
eeding does ot conform to requirements, the seeding depth regulating wheel 
should be adjusted. In some seeders, the depth band or other depth limiting 
device may be adjusted. As to individual colters whose depth of seeding does 

orrespond with requirements, the position of the S-shaped spring locking 
pin on the pressure rod should be rearranged or the spring itself should be 
changed for one with more (less) elasticity. 
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Figure 8-16. Method of Checking Figure 8-17. Method of Checking Depth 
Distance Between See” ing Rows of S2eding 


(c) Checking the Coverage of Seed--This is usually done by the method o* 
measuring with the eye. At the time of sowing, it is necessary to remove 

soil and plant stubble from the colters frequently and pay attention to check- 
ing the working condition and technical performance of the covering rings 
(devices), so as to guarantee a good coverage. 


(d) Checking the Seeding Rate--At the time of sowing, a great number of 
factors, such as the smoothness of the earth's surface, forward speed of the 
seeder(s), easy movement of the transport wheels, quantity of seeds in the 

seed box, cleanliness of the grain and moisture content, all have an effect 

on the correctness of the seeding rate. Hence, in trial sowing, it is neces- 
sary to lay stress on checking whether the seeding rate conforms to stipulations 
or not. There are several methods of checking this, including the following: 


(i) Method of Checking the Quantity at Fixed Intervals--Fill up the grain 
box of a seeder with seeds to a thickness of 8 to 10 centimeters and level the 
surface. Draw a red line as a marking with a pen on the four sides of the box 
at the line of contact with the seeds. Calculate the seeding rate of the 
seeder(s) on each trip that it makes according to the formula below and add 
this amount of seed to [the seed already in] the grain box each time. 


Seeding rate of seeder(s) on each trip = per mou seeding rate (catty) ‘ 666.7 
(meter-) x operating width (meter) x distance of each trip (meter) 


After each trip, level the surface of the seeds remaining in the grain box. 
[f the seed level is lower than the red line drawn on the sides of the box, 
it shows that too much of it has been sown; if the level tops the marking, 
it indicates that too little of it has been sown. Adjustment is necessary 
if either one of the phenomena described above is detected. 


(ii) Method of Checking the Number of Seeds Dropped Per Unit Length--This 
is to check whether or not the number of seeds actually dropped within every 
meter of a row for seeding corresponds to the requirement stipulated. The 
computational formula is as follows: 
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Number of seeds dropped per unit length (meter) = 1,000 x per mou seeding | 
rate (catty) x 500 (gram) * weight per 1,000 grains (gram) * 666.7 (meter~-) 
: row spacing (meter) 


(iii) Method of Checking the Flow of the Seeds Per 100 Meters--Measure off 
a 50- or 100-meter distance on a field and place a marker at each end. Take 
down the distribution tube of each standard seed port on a seeder and tie a 
small cloth bag to the seed cup. During the travel of the seeder(s), check 
whether the flow of seed within this 50- or 100-meter distance is accurate 

or not. After checking is completed, the seeds collected in the cloth bags 
should be resown in the seed furrows within the 50- or 100-meter distance. 


(e) Check for Gapping and Resowing--The occurrence of gapping or resowing 

in a field is primarily due to the marker arm being either too long or too 
short and to the line of travel of the seeder(s) not being straight. Besides, 
the tractor must lower the colters about 1 meter in front of the implement- 
lifting and lowering line at the start of operation and upon reaching the 
other end of the field, it must wait until the colters are already close to 
the implement-lifting and lowering line before raising them. Otherwise, this 
will also cause gapping or resowing. Checking for gapping and resowing may 

be carried out by observing with the eye. 


(3) Seeding Work--The third speed (East is Red-54 tractor) should be 
used as the constant speed of operation. If the speed is too fast, damage 
can easily be caused to the seeders; if too slow, full efficiency of the 
seeders will not be used. While at work, the speed should not be changed at 
will so as not to affect the evenness of sowing. Also, the seeder should not 
be stopped halfway at will so as not to cause ridge breaking. 


The working personnel of a seeder team should be regulars. At work, 
they should pay attention at all times to whether or not the seeding rate is 
correct, row spacing has shifted, the depth of seeding corresponds to require- 
ments and the seed covering is good. If problems are brought to light, timely 
adjustment should be made. 


lil. Quality inspection of Seeding 
l. Inspection of Shifts While Seeding 
During a seeding operation, quality inspection of the work ~f the seeder 
team should be carried out three or four times daily. he methods and main 
content of inspection are the same as in trial sowing. 
2. Inspection of Green Seedlings 
Aiter he crop sprouts, .t is necessary to organize personnel into 


carrying out an inspection of all sown areas determining whether or not to 
accept them after examination, evaluating the quality of seeding and summing 








up the experience of seeding. As to areas where missing seedlings are very 
much in evidence, it is necessary to reseed with stock seed in accordance 
with requirements and as far as circumstances permit. At the same time, the 
necessary processing of the seeds (such as seed soaking and bud forcing) 
should be carried out prior to reseeding, so as to guarantee a uniform growth 
of young seedlings. 


Mechanical Rice Transplanting 
|. Requirements For Farming Techniques in Mechanical Rice Transplanting 


(1) Guarantees should be made that the density of transplanting is 
in accordance th row spacing, hole spacing and the number of plants per 
hole, that the misplanting rate does not exceed 2 percent and that the even- 
ness of transplanting is above 80 percent. 


(2) The depth of transplanting should be uniform, this generally being 
3.5 to 4 centimeters. There should be no floating seedlings and no seedling- 
laying. 


(3) Every effort should be made to cut down seedling-folding and 
seedling-damage. The rate of seedling-folding and seedling-damage should be 
held under 15 percent. 


(4) The rows for transplanting should be straight, overlapping row 
spacings should be precise, transplanting at the edges of the field should 
be orderly and as close to the boundaries as possible, and the amount of addi- 
tional transplanting work should be reduced. 


Il. Organization of Mechanical Rice Transplanting Work 
1. Selection and Preparation of Implements 


There are a fair number of types and models of rice seedling trans- 
planters, with different operating wicths, row spacings and power attachments. 
Representative of the power-operated transplanters commonly used today are the 
East Wind-2 model (including the Shanghai East Wind-2, East Wind-2S, East Wind- 
2A and East Wind-2Z) and the Shanghai-I model (including the Hu-Nan-Nung 68-1). 
For their essential technical reference datz, see the following table. 


Prior to the start of operation, transplanters should be overhauled and 
an inspection should be made of their technical state so that the following 
requirements are attained: 


(1) All accessories and machine parts should be in perfect condition 
and all parts which need tightening should be secured. Such working parts as 
slide tracks, rollers, seedling catches, seedling boards, seedling delivery 
mechanisms and bristle brushes in particular should not rattle or be blocked, 
warped or damaged. 
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Power supply 
Rotation speed of takeoff (revolution/minute) 
Working width (meter) 
Row spacing (centimeter) 
Hole spacing (centimeter) 
Transplanting depth (centimeter) 
Working personnel 
Productivity (mou/hour) 
Traveling speed (kilomet r/hour) 
Weight (xilogram 
East Wind-2S (Lai-yang) 12-row combed rolling direct transplanting machine 
Gasoline engine 
Ts'un [Chinese inch) 
Adjustable within range of 
One operator, two seedling loading workers 
Shanghai-I model 14-row combed rolling direct transplanting machine 
Gasoline engine or diesel engine 
Gasoline engine 1500, diesel engine 2600 
(a) Wide row, (b) narrow row, (c) average 
Adjustable as desired within range of 
Shanghai-I model 18-row combed rolling direct transplanting machine 
One operator, four seedling loading workers 








(2) The conveying height of the seedling catches, amount of catch, 
spacing of plants in a row and transplanting depth should be adjusted in 
accordance with the height of the rice seedlings, length of the roots and 
requirements for farming techniques. 


(3) The spacing of plants in a row should be regulated through working 
the traction speed control lever or changing the drive gvar of the transmis- 
sion case. 


(4) The depth-regulating lever should function smoothly so that the 
transplanting depth can be adjusted quickly. 


(5S) The relative positions of the drive sprocket and the sprocket for 
driving the seedling separating machine should be set correctly and the chain 
put on properly so that when the seedling catches move to the position level 
with .e seedling delivery mechanism, the latter has withdrawn from the . .se 
of the bristle brushes and maintains a distance of between 1.5 and 2.5 centi- 
meters from them. 


(6) The engine should start easily, the clutch should engage and dis- 
engage precisely, the tightness of the chain should be appropriate and all 
moving parts should be well-lubricated. 


(7) A transplanter should be inspected when it is running bw! sot 
transplanting before the driving transport wheels (or land wheel sirakes) 
and transport tail wheels are mounted on then. 


2. Preparatic™ of Field 


(1) It is required that the soil in the field should be loose and 
soft, the surface level and the depth of mud less than 35 centimeters. 
After raking, the slurry should be a.:lowed to settle to such a degree that 
when a clod is thrown into it, the slurry does not splash or when a hole is 
made in it, mud does not fill it up immediately, so that the build up of mud 
during rice transplanting is avoided. In fields where the soil is consider- 
ably sandy, transplanting should be done on the same day that the fields are 
raked. 


(2) It is good to have a layer of water 2 to 4 centimeters deep in 
the field in order to avoid either seedlings floating when there is too much 
water or seedlings sticking together and mud building up when there is too 
little water. 


(3) Water holes, rocks and tree roots, if any, should be removed from 
the field beforehand. 








3. Preparation of Rice Seedlings 


(1) Rice seedlings 20 to 30 centimeters tall, with roots less than 8 
centimeters long and stems somewhat firm are suitable for transplanting. 
When they are pulled up, the roots of the seedlings in the bundle should be 
even and not become entangled. The seedlings should not be scattered and the 
roots should be washed clean with no soil attached to them. To raise working 
efficiency, a bundle of seedlings may be enlarged somewhat. Generaily, it is 
good if the diameter of a bundle is 10 centimeters. Each bundle should be 
tied tightly. 


(2) Rice seedlings should be transported in time to the edge of the 
levees of a rice transplanting field. If the field is long, seedlings should 
be loaded on the transplanter at both ends of the field. If the field is 
short and one loading of seedlings is sufficient for one round trip of the 
transplanter, then seedlings should be loaded at one end. While the seedlings 
are in transit, every effort should be made not to scatter any bundles. If 
the seedlings are scattered nevertheless, they should be rearranged neatiy 
and tied up tightly again. 


4. Organization of Transplanter Work Team 


An “East Wind-2 model” transplanter work team should “e manned by two 
transplanter operators, four seedling loading workers and four other people 
whose tasks are to accompany the team, make additional planting of seedlings, 
when necessary, an. repair ditches and levees. 


Coordinating closely with the transplanter work team are people who 
pull up rice seedlings for transplanting. The manpower for this task should 
be furnished according to the working efficiency of the machines, density 
of transplanting and efficiency of pulling up seedlings. In general, about 
20 people should be used to pull up seedlings for each transplanter. At the 
same time, each transplanter work team should be furnished with a transport 
vehicle and a suitable nuwber of people for conveying seedlings to the field. 


>. Rice Transplanting 


(1) Trial Transplanting and Adjustments--Prior to the actual trans- 
planting of rice seedlings, a transplanter should conduct trial planting in 
order to check the quality of rice transplanting, make necessary adjustments 
and correct any faulte discovered in the course of operation. 


(a) After a -* .asplanter reaches a rice transplant field, its transport 
wheels and land wheel strakes should be dismounted (and in the case of the 
“Shanghai-1 model,” driving wheels should be mounted) and after it goes down 
to the field, its planker chain should be loosened. 


(b) The seedling baskets should be filled with seedlings, while each of the 
seedling boxes should be more than one-third full. In loading the seedling 





boxes, grasp the seedlings at the top part of the stem after a bundle is 
untied, fling loose the roots to cast away any trash, even the ends of the 
roots on the seedling pan and place the seedlings in the seedling box with 
the roots touching the bottom of the box. The seedlings should be packed 
just right, neither too loose nor tight, and there should be no seedlings 
out of line or askew in relatively great numbers. 


{c) As preparation work proceeds in due order, the operator and seedling 
loading workers should begin their work. After driving the transplanter to 
about 2 meters (the operating width of a transplanter) from the edge or margin 
of the field, the operator should lower the planting wheels in accordance with 
the required depth to conduct trial] transplanting. After this is done over 

a lO-meter distance, he should stop the transplanter for quality inspection 
and adjustment. 


(i) Inspection should be made as to whether or not the spacing of plants. in 
a row conforms to requirements. In case of necessity, the position of the 
speed contrel lever should be changed or the transmission gear show!i be 
shifted. 


(ii) Inspection should be made of the evenness of transplanting. if there 
are too many plants per hole, the seedling board should be moved forward 
(toward the engine) so that the seedling catches snatch up fewer seedlings 
at ome time; if there are too few plants per hole, then the seedling boaru 
should be moved backward to enable the seedling catches to snatch up more 
seedlings. Any holes with seedlings outside the range of 3 to 11 in number 
are considered to be uneven holy s. The evenness or unevenness in the number 
of seedlings per hole is affected by the quality of the seedlings, how well 
the seedlings are placed in the boxes, and how tightly the young plants in- 
side the boxes are packed. It also is affected by the position of the 
seedling catches, uniformity in the shape of the seedling catches as well 

as the spacing between the rollers and the slide tracks. In the former 
instance, the solution lies in raising the quality of the seedlings and 
improving the work of filling up the seedling boxes. In the latter instance, 
the solution lies in correcting or changing the seedling catches or changing 
the already worn out rollers. 


(iii) Inspection should be made of the transplanting depth and its uniformity. 
When the seedlings, as a whole, are transplanted too deep or not deep enough, 
the fixed position of the lifting lever should be changed. If the lever is 
set too high, seedlings will be planted deep; otherwise they will not be 
planted deep enough. If seedlings are transplanted either too deep or not 
deep enough in a single row, it can be solved by adjusting the size of the 
seedling catches and the fixed position of the lifting lever. 


(iv) Inspection should be made of the seedling-folding rate and seedling 


damage rate. If the rates are relatively high, the height of the seedling 
catches when diving behind the seedling board should be adjusted downward. 
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Resetting the slide tracks may adjust the height of the seedling catches. 
Generally, each transplanter is equipped with slide tracks of three different 
heights. For example, there are in the “East Wind-2S model” the three 
heights of 32, 40 and 50 centimeters and in the “Shanghai-I model” the three 
heights of 30, 40 and 50 centimeters for the proper adjustment. Furthermore, 
seedling-folding and seedling damage often are caused by the irregular load- 
ing of seedlings into the seedling box, resulting in placing them out of line 
or in a scattered manner. The quality of loading should be improved corres- 
pondingly. 


(2) Travel of Transplanter Work Team While in Operation--Generally, the 
back-and-forth method is used. This means that upon entering a piece o1 ‘and, 
the tramsplanter travels along the side of the field about one working width 
from the edge, leaves one working width at the edge of the field as a turn 
around strip, and finally moves along the edges and circles around to complete 
the transplanting work (as shown in Figure 8-18). 
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figure 8-18. Travel Route of Transplanter at Work 
if om the last but one trip, any land which remains to be planted is less 
than one working width, surplus seedlings should be removed from a number of 
seedling boxes so that a few rows to one side will not be planted. This will 
enable the tcansplanter to operate at full width on its last trip. 


6. items to be Noted During Rice Planting 


(1) A sighting marker (made up o: a cross bar and a suspending guide 


wire) should be mounted at the front-end of the transplanter so as to make 

‘lapping of row spacings as precise as possible while the transplanter moves 
ick and forth. The formula for calculating the reach of the sighting marker 

from the center Line of the transplanter is as follows: 

Reach of left or right arm of sighting marker = working width + row spacing 


» 
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(2) The transplanter operators and seedling loaders should work in 
close coordination with each other. The seedling loading workers should 
constantly keep the seedling boxes 1/3 to 2/3 full, prevent the seedlings 
from breaking or scattering while being loaded, push the seedlings with the 
back of their hand to lean Lightly on the seedling boards and clean the 
scattered seedlings and refuse from the outside of the boxes. They also 
should observe the rice transplanting at all time and if they notice any 
misplanting or mechanical failure, they should notify the transplanter operator 
to stop the vehicle at once for inspection. Om the other hand, when starting 
the transplanter, the operator should notify the seedling loaders to watch out 
for the sake of safety. 


(3) When the transplanter crosses a ditch or a levee in moving from 
one plot to another, it should raise the planting wheels to their highest 
position. Furthermore, the transplanter itself should be lifted up in order 
to prevent its planker from breaking or otherwise damaging other parts. 


(4) When the transplanter is stopped during a work shift o. after a 
shift, the seedling board, planting wheel and bristle brushes should be 
flushed with water. Also, the seedling catches should be inspected as to 
whether they are uniform in shape and the brushes and seedling board should 
be checked to see whether or not they are damaged. In particular, don't for- 
get to check the slide tracks for wear and the rollers for tightness. 


After the transplanter is stopped, there should be lubrication of such 
movable parts as slide tracks, rollers, supports for the sprout discharge 
gate, upper and lower pulley wheels of the seedling box, eccentric wheel 
crank and universal joints. 


lil. Inspection of the Quality of Rice Transplanting 


inspection of the quality of rice transplanting sh<« 1ld be conducted 
by the method of diagonal sampling. One working width is inspected at every 
point. The following items are to be checked: 


(1) Transplanting Depth--Take one or two holes in each row within 
one working width and determine the average transplanting depth. Examine 
the holes closely to see whether they are too deep or too shallow and make 
timely adjustments. 


(2) Number of Plants Per Hole--While inspecting the transplanting 
depth, make a simultaneous check of the number of plants per hole and note 
the number of holes that are uniform (within a range of 3} to 11 plants each) 
and holes that are not uniform and determine the percentage of uniformity. 


(3) Misplanting Sate--Check a l- to 2-square-meter area of the field 
at each poiat. Find out the total aumber of holes within these areas and the 
number of toles in which misplanting occurred and determine the mispiant ing 
rate. 
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(4) Seedling-folding and Seediing-damage Eates--The inspection of 
seedling-folding and seedling-damage should be conducted at the same t ime 
as checking the transplanting depth. Sum up seedling-folding and seedling- 
damage conditions at various points and determine their respective rates. 


(5) Accurate Alignment of Row Spacings--Inspect three to five working 
widths at eacs point and simultaneously check with the eye the straightness 
of the rows for transplanting and the orderliness of the edges of the field. 


Atter inspection, an evaluation of the quality of the transplanting vork ot 
various transplanter work teams should de sade and a summing up and an exchange 
of experiences should be conducted daily. Substandard quality and its causes 
should be exasined closely and measures should be taker to remedy the situa- 
tion. 


Fieid Managetent 
i. Soil Loosening and Weeding Before and After Sproucing 


l. Requirements of Farming Techniques--The purpose of soil loosening 
betore and after sprouting is primarily to eradicate germinating weeds from 
the tield, break up the earth crust formed after a rain, loosen the surface 
soil to retain the soil moisture, raise the svil temperature and prevent the 
secondary sal.nification of the soil, in order to better enable the emergence 
and growth of the young seedlings. Specific requirements are as follows: 


(1) Work should be timely. Take, for example, soybeans in the Northeast 

Provinces. For pre-sprouting harrowing, the proper time is after seeding when 

greater part of the herbaceous seeds have germinated and the soybeans have 
i\lso sprouted with their cotyledons within 2 to 3 centimeters of the surface. 
for post-sprouting harrowing, the proper time is from the time when a pair of 
true leaves o: the bean shoot have spread out straight to the time when the 
first compoun. le .{ emerges. Then plant body is relatively soft and veeds 
have just perminated and emerged from the earth. Harrowing after a rain to 
break up the hardened soil layer should be accomplished in 2 to 3 days when 


TS oll moisture is suitable. As to all other crops, harrowing during the 

. line stage should be carried out at a time when the weed germination rate 
i it its highest and the seedling-damage rate is at its lowest. 

(2) The depth of work should not exceed 3 to 4 centimeters during pre- 
sprouting harrowing or not less than 4 to 5 centimeters when harrowing during 
the seedling stage. On the same piece of land the Jepth of harrowing should 
unirtorn 
‘) When harrowing during the seedling stage, seedling-damage and 

turning under the see ny should be reduced to a miniwur.. 
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(4) Do not leave a gap in harrowing and do not reharrow. Parallel 
narrowing is not pertissible. 


(5) After harrowing, the surface of the soil should be level. Do not 
drag along a pile of trash and do not drag over a furrow. 


2. Organization of Harrowing Work Before and After Sprouting 
(1) Field Preparation: 


(a) Remove from the field such obstacles as crop stubble, tree roots, sod 
and big rocks. Mark places where obstacles cannot be removed. 


(b) Arrange the work order on the various pieces of land according to the 
germination condition of the weeds and the growth condition of the young 
seedlings in the fields. 


{c) Regardless of whether transverse harrowing or diagonal harrow’, is 
adopted, sighting rods must be placed along the line of travel of the harrow 
on its first trip. Also, gapping and reharrowing must be avoided. 


(2) Selection of Implements: The proper tractor and implements should 
be selected in accordance with the soil texture of the different pieces of 
land, growth condition of young seedlings and germination condition of weeds. 
In places where the soil is light and well-loosened or g.ven the conditions 
of having fragile, tender seedlings, it is best that a light-duty Red Star 
weeding harrow should be selected for use. If the soil is comparatively 
heavy or the weeds are comparatively thick, a light-duty or a medium-sized 
toothed harrow should be selected. Given the conditions that the soil mois- 
ture is suitable, a rotocuitivator is also a fine tool for total area culti- 
vation, soil loosening, breaking up of the soil crust and weeding. As for 
tractors, it is better to select for use the track-type, because it exerts 
less pressure on the ground at the point of contact than the wheel-type and 
this may reduce seedling-damage. 


All implements for harrowing during the seedling stage must be examined 
for defects prior to the start of operation. The tooth piich of a Red Star 
weed harrow should b< uniform, its link«.»* should "e suitsble and when moving 
forward, it should not heap up soil or drag along a pile of trash. In order 
to reduce the seedling-damage rate and raise the weed-removal rate as such 
as possible, the teeth of a light-duty or a mediun-sized toothed harrow should 
be corrected beforehand ~n an adjusting plate so that the tine length and 
tooth pitch will be uniform, the length cf the hitch rings should be the same 
and the tine marks should not overlap when the harrow moves forwurd. 


(3) Travel Path of the Harrow: When asing weed harrows <' toothed 
harrows to rake the field, no matter whether it is before sprouting or after, 
the travel path of the harrow cannot be parallel to the seedling rovs. The 
method of one-way diagonal Sar: owing or crosswise harrowing should be adopted, 
sO as to avoid bringing about serious seedling damage. as for rotary 
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cultivators, che method of harrowing in a direction parallel to the seedling 
rows should be used. 


in general, the method cf one-way diagonal harrowing should be put to use on 
a rectangular field uw on a piece of land that is approximately square in 
shape. However, the radius of turn should not be overly small, in order to 
prevent the hitch mechanism from making a sidewise shift at the turn which 
may bring about seedling damage or cause the caterpillar tracks to crush ii: 
young seedlings. When turning, the running speed should be reduced. 
Generally, in crosswise harrowing, either the segmented method or the round- 
and-round method may be adopted. When turning, reharrowing should be cut 
down to a minimum. 


(4) Items to be Noted: 


(a) Fields should be selected where the quality of plowing and soil prepara- 
cion is good, the surface is level and the soil finely crushed, and where 
there is no weed and crop residue on the surface. 


(b) A seedling harrow should be used to remove weeds mainly in a soybean or 
wheat crop. Harrowing corn crops may be carried out during the seedling 

stage from sowing to the emergence of the leaf sheatiis from the soil. It is 
not advisable to harrow during the seedling stage after the leaf blades have 
spread out, because it is easy to build up soil around the seedlings. Seedling 
harrows pose a serious threat to smali-grain and shallow-planted crops. Thus 
millet, panicum and even kaoliang crops cannot be harrowed during the seedling 
Stage. Post-sprouting harrowing also has a definite effect on the growth of 
soybeans, therefore it is not advisable to harrow a soybean crop too often. 


(c) Fields that are being prepared for harrowing during the seedling stage 
should be -olled after sowing. This is to reduce the rate of seedlings being 
turned under. 


(1) The moving speed of the farm implements should not exceed about 5 kilome- 
ters per hour. They must not run at high speed. 


(e) Attention should be paid to adjusting the backward pitch of the tines of 
a weed harrow. In geneval, for dicotyledonous crops the appropriate pitch is 
15 to 25° and for monocotyledonous crops it is 35 to 40°. The length of the 

pulling ribs of a weed harrow should be suitable, so as to prevent the first 

row of the harrow tines from penetrating either too deep or too shallow into 

the soil. 





(f) Post-sprouting harrowing should be carried out in fine weather after the 
dew has disappeared and after the young seedlings have become firm. 


(g) During the operation, it is necessary to check frequently whether or 
not the working position of the harrow is correct and remove all weeds and 
stubble entangled in the tines. 
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3. Inspection of Work Quality 


Inspection of the work should be conducted two or three times in each 
shift. Special emphasis should be placed on the first inspection after the 
start of operation and if it is discovered that certain things do not con- 
form to the requirements of farming techniques, the unit should be stopped 
and corrections made before the operation is resumed. Sampling for quality 
may be carried out according to the method of diagonal sampling or the method 
of checkerboard sampling. Items to be checked and the checking methods are 
as follows: 


(1) Seedling Damage Rate--For ~ close-growing crop, use 0.25 square 
meter as 1 unit and for a row crop, use a single row of 1 meter in length 
as l unit. Count the total number of seedlings in the unit and the number 
that have been bent over or broken in harrowing. Calculate the percentage 
of seedling damage. If the rate exceeds that prescribed, the work team stould 
be stopped, the causes sought out and corrections made before the operation is 
resumed. 


(2) Rate of Weeding--In the same spot that the seedling damage rate is 
being checked, count the total number of weeds and the number that have been 
uprooted in harrowing. Calculate the percentage of uprooted weeds. If the 
results are unsatisfactory, the tine depth should be checked and the tine 
pitch adjusted. 


(3) General Inspection--A general inspection is made to determine 
whether or not there is gapping, reharrowing or turning under of seedlings. 
If gapping is discovered, animal power may be used in the work to make up for 
the gap. 


[l. Cultivation of Row Crops 
1. Requirements of Farming Techniques 


The purpose of cultivation is primarily to uproot weeds, loosen the soil and 
conserve soil moisture to prevent drought during the growth of the crop. At 
the same time, cultivation can raise the soil temperature and prevent the 
soil from undergoing secondary salinization. In areas where precipitation 
is relatively concentrated or where the land is low lying and easily water- 
logged, cultivation may be combined with hilling and ridging to facilitate 
drainage of the field and promote the growth of the root systems of the 
plants so as to prevent lodging. The specific requirements of inter row 
cultivation are as follows: 


(1) Pay attention to the right time for cultivation, accomplish it in 
good time and maintain a soil layer that is constantly well-loosened and free 
of weeds. In general, cultivation should be done 3 to 5 times during the 
entire growth period of a crop and each time the work should be accomplished 
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within 5 to 7 days. Especially after irrigation or after a rain, it is even 
more important to cultivate the land in order to break up the hardened soil 
layer and conserve moisture. As much as possible, cultivation should be 
integrated with opening the ditches for irrigation (or drainage), hilling 
and additional manuring. 


(2) The cultivation depth should reach the stipulated standard. The 
same depth should be maintained throughout and errors should not exceed + 1 
centimeter. 


(3) A 7 to 10 centimeter-wide strip for seedling protection is generally 
suitable. It should never be too wide. By and large, for the first time, the 
field should be cultivated as close to the plants as possible. Do this by 
narrowing the strip for seedling protection and enlarging the area of cultiva- 
tion in order to remove the weeds. 


(4) While cultivating, it is necessary to meet the requirements of a 
well-loosened soil layer and a uniformly level ground surface. The rise and 


fall of the ground must not exceed 3 or 4 centimeters. Do not create furrows. 


(5) See to it that the seedlings are not hurt or crushed. 





(6) When fertilizer application is combined with cultivation, the 
amount of fertilizer applied and the depth of application should be according 
to the stipulated standard. The fertilizer should be distributed evenly and 
well covered with earth. 


(7) When furrowing and hilling are combined with cultivation, the 
furrow depth should meet the requirements for irrigation and drainage. 


2. Organization of Cultivation Work 
(1) Field Preparation: 


(a) Prior to the start of cultivation work, temporary irrigation channels 
traversing an area of the field should be filled in and the banks should be 
no higher than 15 to 20 centimeters, in order to avoid affecting the normal 
operation of the cultivator and the quality of its work. 


(b) If cultivation is to be carried out after irrigation, it is necessary to 
make a total area inspection of the soil moisture, so as to avoid the possi- 

bility that excessive wetness of the ground in a few spots might cause wheel 

slippage or sinking, thus affecting the working efficiency of the cultivator 

and the quality of its work. 


(c) A marker should be placed at one end of the row through which a work 
team enters the field every time (This may be omitted if track marks are left 
from the sowing operation). As for the placement of other markers, figure 
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out their positions beforehand taking into account the number of cultivators 
(working width) to be towed by the tractor. If the method of one-way plowing 
is used in cultivation, make the row (or ridge) adjacent to the first trip 
of the seeder as the starting point and place a sighting rod on each side. 
If the number of hoes on the cultivator is odd, add 1 to the number (Add 2 
to the number if even) and divide by 2. The quotient is the position (jn 
number of rows or ridges) of the first sighting rod from the adjacent row 
(or ridge). Aftcrward, place the second sighting rod at a distance from the 
first sighting rod equivalent to the number of rows of the hoe unit. Carry 
on in like manner until all required sighting rods are placed in this first 
plowed area. Then proceed to place a sighting rod at the other end of the 
second plowed area according to the above method (as shown in Figure 8-19). 








| 





Figure 8-19. Positions for Sighting Rods 
in Two-Plot Three-time Conventicnal Plowing 
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(2) Preparation of Farm Implements: 


Selection of the Tractor--A suitable tractor should be selected for use in 
accordance with such conditions as the size of the plot of farmland, distance 
between seeding rows of the crop, height of growth, and the wheel (or track) 
gauge, wheel tread (or track) width and crop clearance of the tractor. The 
wheel (or track) gauge, wheel tread (or track) width and crop clearance of 

the different models of tractors are as follows: 
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> | 950~1350 | 1000~1400 | 
(3) RAM-20 Si 100) ¢4 44 100) | 11.6 ire) ee 845 
| 1220~1920 | 1220~1920 | |. a 
(4)# %-27 |e &, i a eg 4g) 101.6 | 254 230 
| - 
| 1250~1770 | 1200~1800 | 228 . 6( mat e24) 
(5) RAH-28 "(16> &) aket®_ | 165.1 | 280 ( ~ 6g Fs 95) 
(6) #741-20 canton ok apo) os ae 380 
ae  1203~1907 | 1216~1924 | 5a | fo 
(7) %-25 (20 © (20)¢ ® 152.4 | 256 400 
| 1230~2040 | 1100~2000 | ..,,/ to. 
(8) 4: F741 40 (2158 $3) (20)® #3) | 152.4 — 280 366 
| 1200~1800 | 1200~1800 | | 228.6 (shalt AQ4 
(9) & F-55 | Cais 100) | Gemiars) | 26-2 | 50480 tgs) ™ 
— 4 
(10 Jk HtL-54/75 1435 | 390 260 
Key: 
1. Brand name of tractor 15. (8 levels, spacing 100) 
2. East is Red-12 16. (5 levels) 
3. East is Red-20 17. (Infinitely variable adjustments) 
4. Bumper Harvest-27 18. (4 levels, spacing 100) 
5. East is Red-28 19. (5 levels, spacing 100) 
6. East is Red-30 20. (8 levels) 
7. Bumper Harvest-35 21. (6 levels) 
8. East is Red-40 22. Wheel tread width (track width) 
9. iron Ox-55 (millimeter) 
10. East is Red-54/75 23. Or 
ll. Wheel gauge (track gauge) 24. (For use in cultivation 
(millineter) 25. (For general use) 
12. Front wheel 26. Vertical clearance (millimeter) 


13. Rear wheel 
14. Spacing 


As for tractors with an unadjustable wheel (or track) gauge, the number 
of crop rows that they can pass through and the measurement of the strip for 
seedling protection may be determined according to the following three formulas: 


Number of crop rows that tractor may pass through = wheel (or track) gauge 
of tractor + between-row space 








Distance from outer rim of wheel (or endless track) to strip for seedling 
protection = between-row space x (number of rows + 1) - wheel gauge - wheel 
tread width = 2 


Distance from inner rim of wheel (or endless track) to strip for seedling 
protection = berween-row space - wheel tread (or track) width - distance from 
outer rim of wheel (or endless track) to center of the seedlings 


As for tractors with an adjustable wheel (or track) gauge, the suitable 
wheel gauge may be determined according to the formula below. The width of 
the strip for seed'ing protection on either side of the wheels should conform 
to requirements. 


Wheel gauge of tractor = between-row space x number of crop rows between 
wheels (tracks) 


Selection and Setup of Hoe Tines: A suitable category of hoe tines should be 
selected for use and the proper method should be selected for combining them 
in accordance with the growth condition of the crop, the purpose of the opera- 
tion and qualitative requirements, soil texture and the types of weeds to be 
found in the field. In general, A-hoes and L-hoes may be used during the 
young seedling stage. It is best to mount one A-hoe in front of two L-hoes. 
Also, two L-hoes may be mounted fore and aft alternately. The greater the 
fore-and-aft distance between the two hoes the better it is. Otherwise, such 
phenomena as building-up, entwining of weeds, turning under of seedlings and 
dragging of furrows will arise. In areas where the soil is heavy, the ground 
is low-lying and easily waterlogged, and hilling and ridging are required, 
when cultivation is carried out for the first time, a saw-edged hoe may be 
mounted behind a A-hoe and adjusted so that its tilling depth will exceed 
that of the A-hoe by 5 to 6 centimeters. This will loosen the soil deeply 
and create conditions for cultivation and hilling at a latter stage (See 
Figure 8-20). 


When it is necessary to carry out fertilizer application, hilling and 
furrowing at the same time as cultivation, a cultivator-fertilizer should 
generally be used to conduct a complex-type operation, in order to reduce 
the number of separate operations and raise working efficiency. 


At the time of setting up and mounting the hoe unit, the following 
should be noted: The working width and the number of rows worked of a culti- 
vator unit should be coordinated and identical with the working width and 
the number of rows worked of the seeder, otherwise it will be easy for the 
former to dig up the seedlings. When mounting the hoe tines, it is necessary 
to arrange them symmetrically within the tilling width of each row of tines. 
It is permissible to make the hoe at the center of each section dig somewhat 
deeper than the hoes on the sides. Except for the path of the endless tracks 
{tire tracks], the depth of the hoes in the different sections should be the 
same. The hoe in the different sections should be symmetrical on both sides 
of the center line of the tractor, with the outermost hoes on either side 
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mounted at one-half their working width. 
protection should be determined in accordance with the size of the plants. 
It should be narrow during the young seedling stage and widened gradually as 


the plants grow. 

















The width of the strip for seedling 
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Figure 8-20. Diagram Outlining Setup of Hoe Tines in Cultivating 


Rows 600 Millimeters Apart 


Adjustment of Cultivation Depth--Adjustment of the operating depth of the 
hoe tines of a cultivator may be made according to the following steps: 


(a) Place the already mounted cultivators on a flat piece of ground or on 
. special platform. The cultivator frames should be in a horizontal position. 
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(b) Place bearing plates of a thickness corresponding tv the cultivation 
depth under the transport wheels of the trailed cultivators or under the 
wheels of the tractor to which the cultivators is hitched. The thickness 

of the bearing plates should be 2 centimeters (which correspond to the sink- 
ing depth of the transport wheels of the cultivators and of the tractor to 
which the cultivators are hitched while they are in operation) less than the 
prescribed cultivation depth. 


(c) Shift the control mechanism into its working position; adjust the lift- 
ing mechanisms and the depth bands in the hydraulic adjustment cylinders of 

the cultivators; and set correctly the hoe tines of the cultivators so that 

the blades are all in contact with the supporting surface and on a horizonta! 
plane, the hoe points will not tilt upward, and the permissible suction between 
the tail wings of the hoe tines and the supporting surface will not be greater 
than 10 millimeters. 


(d) Check the double [repeat] width of the hoe tines, which generally should 
be about 5 to 7 centimeters. 


(e) Put markings on the lifting mechanisms and on the lifting levers or lift 
link screws so that they conform to the prescribed depth and indicate the 
cultivation depth on the bracing struts of the hoe tines. 


(f) In order to insure the cultivation depth during deep tillage, two hoe 
tines may be mounted fore and aft in the same position, with the cultivation 
depth of the rear tine greater than that of the front tine, in order ‘o carry 
out tillage in layers so as to guarantee not only the cultivation depth, but 
also the quality of work. 


(g) In order to prevent the turning under of the seedlings, seedling protec- 
tors should be mounted during cultivation for the first time, and for the 
second time as well, to shield the seedlings as the unit advances and prevent 
build-up that may result in burying the seedlings. 


(3) Determining the Line of Travel: 


The line of travel in interrow cultivation has a great deal to do with 
improving working efficiency, insuring the quality of cultivation and reducing 
seedling burying and seedling damage. In accordance with the ground condi- 
tion, the types of tools used and methods of work employed at the time of 
sowing should be determined. In principle, the direction of travel by the 
cultivator should be the same as that of the seeder and the sowing width 
should be an integral multiple of working width of the cultivator. The line 
of travel in interrow cultivation may be divided into: back-and-forth tilling, 
nonsegmented one-way tilling, two-plot one-way tilling and four-plot one-way 
tilling. 


Back and Forth Tilling--This method is suitable for a small-sized unit or an 
area of the field which is irregular. Its disadvantages are that the attrition 
of implements is relatively great and seedling damage at the edges of the 

field is relatively serious. 
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Unsegmented One-way Tilling--This method is suitable for a large piece of 

land where back-and-forth sowing has been used at seeding time. One-way 
tilling is carried out by the cultivator work team according to the order 

1, 4, 7, 2, 5, 8, 3, 6, 9 ... used at the time of sowing (as shown in 

Figure 8-21). With this method, the idle travel of the cultivator when mak- 
ing a turn is reduced, seedling damage at the edges of the field is light and 
given the conditions of having left a path wide enough for caterpillar tracks 
to pass, there is no need for placing sighting rods in the ditches. However, 
since the cultivator has to travel back and forth across the edges of the field, 
the utmost should be done to make the wheels travel between the rows, so as to 
avoid crushing the seedlings. When tilling the edges of the field, the culti- 
vation depth should be increased. 


Out 
He | : F | rt | Figure 8-21. Cultivating by the Method of 
6 





9 Unsegmented One-way Interrow Tillage 





Two-plot One-way Tilling--With this method, the turn around strips at the 
edges of the field are relatively narrow and seedling damage there is rela- 
tively light. Due to a difference in the number of times one-way tilling is 
carried out, this method is divided into: two-plot three-time one-way till- 
ing, two-plot four-time one-way tilling and two-plot six-time one-way tilling. 
When this method is employed, it is advisable to make a one-way turn when 
going onto another two plots after work is completed on the first two plots 
(as shown in Figure 8-22). 





il TAT iil THT Figure 8-22. Cultivating by the Method of 


: Two-plot One-way Tilling 
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Four-plot One-way Tilling--This method is suitable for use when a number of 
cultivator units are hitched together for operation. The disadvantages are 
that the turning distance is rather long, the wheels of the cultivating imple- 
ments will crush the seedlings at the edges of the field and repetition is 
inevitable (as shown in Figure 8-23). 





Figure 8-23. Cultivating by the Method of 
Four-plot One-way Tilling 
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Alternate One-way Tilling--This method ig suitable for use when two cultivator 
work teams operate on the same plot at the same time. This means that one 
tractor drawing two cultivators will carry out the operation tilling two- 
thirds of the working width of the seeder, while the other tractor drawing 
one cultivator will work the remaining one-third. In this way, working 
efficiency may be improved and seedling damage reduced (as shown in Figures 
8-24 and 8-25). 
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(4) Items to be Noted During Cultivation Work: 


(a) The operator of the tractor must be familiar with the path of travel so 
as to avoid entering the wrong row, hurting or digging up the scedlings, and 
reversing the unit. While in operation, the hoe tines should move forward 
between seedling rows. If any bending of the tines is discovered, farm imple- 
ment operators should twist them into the right position. During the execution 
of a turn, all working mechanisms must be lifted in time, so as to prevent 
damage to the implements and digging up the seedlings. 


(b) The running speed of the cultivator in operation should not be too high. 
Otherwise, the force of throw of the hoe tines will be great enough to turn 
the seedlings under. 


(c) The sharpness of the hoe tines (whose edge should not exceed 0.4 to 0.5 
millimeter) must be maintained at all times, so as to insure work quality. 
In general, they should be sharpened after every 10 hours of operation. In 
the course of work, it is necessary to pay attention to removing weeds from 
the tines frequently. 
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(d) When a complex-type operation involving cultivation and fertilizer 
application is conducted, areas for refilling with fertilizer should be set 

up in accordance with the rate of fertilizer application and working width. 

The required emount of fertilizer should be accumulated beforehand, and a 
certain number of personnel should be assigned to the task of refilling with 
fertilizer, in order to reduce time losc and improve working efficiency. Also, 
take care not to spill fertilizer which will burn the seedlings. 


(5) Inspections to be Made at the Start of Cultivation Work: 


After having traveled 20 to 30 meters at the beginning of the first trip 

upon entering a field, the cultivator should be stopped for inspection of 

work quality. If it does not conform to the requirements of farming tech- 
niques, the causes should be determined immediately and only after corrections 
are made can the c.ltivator resume operation. By and large, it is for the 
following reasons that work does not conform to requireme-’ 


(a) Causes for digging up seedlings, turning under seedlings aad gapping: 
The working width of the cultivator(s) is not the same as that of the 
seeder(s) or the one is not an integral multiple of the other; the path of 
travel of the cultivator is thrown out of order; the working position of the 
hoe tines is incorrect; the strip for seedling protection is too narrow; the 
row spacings are not equidistant; the rows of seedlings are not straight; the 
running speed of the tractor is too high. 


(>) Causes for an inadequate cultivation depth: The hitch point is too high; 
the hoe tines are dull; the adjustment of the depth of the hoe tines is in- 
correct; soil resistance is too great. 


(c) Causes for uneven weeding: The type of hoe tines used and the method 
of mounting taem are unsuitable; che edges of the hoe tines are dull; the 
repeat width of the hoe tines is inadequate. 


(d) Causes for an uneven surface after cultivation: The method of mounting 
the hoe tines is unsuitable; the angle of entry of the A-hoe is too wide; 
the dryness o. the soll is uneven which can easily lead to the formation of 
clods or cakes of oud. 


inspec ion of the Work Quality of Loosening Soil and Removing Weeds 


wore quality of every shift o. the cultivator work team and the work 
guality in every plot of Land must be inspected. Following the completion of 
an operation on tne whole plot, an inspection must be carried out. The amount 
sad quality of work done are entered into an inspection certificate to serve 
i a 3 ing wore records by the production team concerned. Items 
to be inspected aud the method for making a quality inspection are as follows: 


1) Cultivation i. pth--Inspection of work done should be carried out 
two or three cimes during each shift. Take two or three points along the long 














edge of the field every time and check the interrow cultivation depth within 
the entire operating width of the cultivator unit. When checking, first level 
the loosened surface soil, then insert a ruler to the bottom of the surface 
layer to measure the depth. Make several measurements and take an average. 
This average depth should exceed the prescribed depth by about 1 millimeter, 
s*nce the coeffir ~~ .< of expansion of soil that has been tilled by a cultivator 
is approximate’, 20 percent. 


(2) Weeding Condition--Inspection should be carried out at least thrice 
during each shift. Check three to five points on the field along a diagona! 
line each time. Weeds should be cleared from all places through which the 
hoe tines have passed. If some weeds still remain, the number remaining within 
every meter along the diagonal line should be noted. After the second culti- 
vation, the turning under of seedlings and weeds should also be checked. 


(3) Damaging, Trampling and Turning Under of Seedlings--If damagin,;, 
trampling and turning under of seedlings are detected, their total nuzber 
should be counted and the length of the rows or ridges measured, in order to 
determine the seedling damage rate. 


(4) Degree of Levelness--First of all, use a level to determine the 
degree of levelness of the ground surface within the extent of the entire 
operating width of the cultivator unit. The maximum depth of the earth 
furrows on the surface should not exceed 3 to 4 centimeters. Then turn over 
some soil from the loosened surface layer and insert a ruler to the bottom to 
measure its depth. The difference between the surface and bottom of the 
loosened soil layer must not exceed 2 centimeters. 


Harvesting 
I. Requirements for Farming Techniques in Harvesting 


(1) Harvesting should be carried out on time in accordance with the 
characteristics of various crops and local natural conditions. The task 
should be accomplished as quickly as possible within the context of timeli- 
ness. No ioss should be incurred through harvesting either before or after 
the proper time. 


(2) The height of stubble should conform to requirements. In general, 
the suitable height of wheat stubble harvested by a combine is between 15 
and 20 centimeters and the correct height of soybean stubble is that pods 
at the bottom of the plants are not left behind. In the traditional harvest- 
ing (cutting, gathering, threshing and winnowing are carried out as separate 
steps] of wheat and paddy rice, it is required that the height of the stubble 
be about 20 centimeters in those areas where rainfall is plentiful, but in 
hot and dry areas, it is better if the height is about 15 centimeters. In the 
harvesting of a lodged crop, the height of the stubble should be less than 10 
centimeters. 
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(3) In traditionai harvesting, it is imperative that swaths should be 
thrown together in a line evenly and orderly, that the angle of throw should 
conform to requitements, which generally call for a 20° angle to be formed 
with the directi«o »f travel, and that the swaths should not collapse in a 
heap, break row oc pile up on the ground. It is required that the width of 
a swatch should not exceed 1.5 meters. The thickness should be determined 
by climatic conditions during the harvest time of wheat. It is consid. red 
good if it does not exceed 10 centimeters in those areas where rainfall is 
abundant and the humidity is high (as in the eastern portion of Heilungkiang 
Province). In areas where there is sparse rainfall (as in Sinkiang), the 
thickness of a swatch may be increased to between 20 and 25 centimeters. 


(4) When combines ar» used in harvesting, it is necessary to reduce 
as much as possible the ;«*:ntage of broken grain and improve the cleanliness 
of grain. When paddy rics ‘* \arvested, every effort must be made to cut down 
the percentage of shattered e*-ia. In general, it is required that the per- 
centage of broken grain shoulc sot exceed 3 percent, that the percentage of 
shattered grain shculd not exceed 8 percent, and that the cleanliness of 
grain should reach upward of 99 percent. A determined attempt must be made 
to reduce the total amowst of loss and send every grain to the granary. 





(5) All stalks, husks and grass seed gathered must be disposed of in 
time. In particular, the scattering grass seed on the ground cannot be per- 
mitted. 


Il. Organization of Harvest Work 
l. Field Preparation 


(1) Ten to 15 days prior to harvesting, an inspection of the degree 
of maturity of the crop, degree of lodging, weed condition, and ground con- 
tours as wel! as the road condition should be made with a view to carrying 
out various items of preparatory work and drawing up a harvesting plan. 


(2) Prior to traditional harvesting of paddy rice, drainage of the 
field shouli be carried out as soon as the degree of maturity reaches the wax 
ripe stage. (This may be done toward the end of the milk ripe stage in poorly 
drained areas.) 


(3) All obstacles which can affect the normal operation of a harvester 
(such as ridges and levees) must be removed and all irrigation ditches must 
be filled up. Clear signs must mark spots where obstacles cannot be removed 
for the time being. 


(4) Roads and bridges in the field must be repaired, so as to insure 
the normal travel of farm implements and transport vehicles. 
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(5) Prior to harvesting, the plot to be harvested should be marked 
off into small rectangular plots and sighting rods should be placed at the 
same time. in general, the length of the small plots should be 4 to 7 times 
the width and that the long sides should run in the same direction as that 
of seeding. if a lodged crop is to be harvested, the long sides of the small 
plots should run at right angles, or a: 45° angles, with the direction of 
lodging. 


(6) Swaths should be opened. No matter whether a pulled-behind combine 
is used in harvesting or a side-mounted windrower is used in traditional 
harvesting, a self-propelled combine or man power must be used to open swat!s 
beforehand. ‘The width of the V-shaped swath of a Gi{-4.9 combine should be 12 
to 16 meters and the width of the border paths on the four sides of a small 
plot should be 4 to 8 meters. If the small plot is 800 to 1,000 meters long, 

a grain-unloading dry path 8 to 10 meters wide may be opened in the middle of 
the plot to be used for short-distance transportation (as shown in Figur. 3-26). 


Apart from V-shaped swaths, swaths in the shape of the Chinese character “hui 
{0932} (as shown in Figure 8-27) may also be used given the conditions of a 
shortage of self-propelled combines. The grain-unloading dry path and border 
paths should be the same as in the case of V-shaped swaths. However, the 
corners should be cut in the form of a circular arc with a radius of 40 to 50 
meters. 








i—v" 1 0@ 12~16 &); i— RASA, TPL aw~le &; 
o— WF BP s~lo #®): &—PimtE(s~ 10 m); 
I~ (Ww i~s *), I— 2 4~8 *, 
Figure 8-26. V-shaped Swaths in Figure 8-27. “Hui"-shaped Swaths in 
Small Plot to be Harvested Small Plot to be Harvested 
Key: Key: 
1. V-shaped swaths (12 to 16 1. Circular arc-shaped corner (radius 
meters wide) should be 40 to 60 meters) 
2. Dry path for unloading grain 2. Dry path for unloading grain 
(8 to 10 meters wide) (8 to 10 meters wide) 
3. Border paths (4 to 8 meters 3. Border path (4 to 8 meters 
wide) wide. 
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\’) The division of a plot into small rectangular plots for traditional 
harvesting is suitable for carrying out the operation. Usually, the method of 
narrow-plot long-row windrowing is adopted. It is recommended that the ratio 
of width and length of a small plot is 5:8.1. Im general, the width of a turn 
around strip of a windrower is 16 to 20 meters and that for a swath 9 to 12 
meters (as shown in Figure 8-28). 





4 Figure 8-28. Diagram Outlining Division 
. nh) | of Plot into Smaller Plots for Long-row 
Oa OT : 
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at =¢ a-& Windrowing (Two-plot Three-roundabout 
Y * ’ ——T Method) 
Lia F +. 
Be —""s" Key: 
nae =< =.) 1. First plot 











, 2. Second plot 
| >) 
9 2{2) _. (5) ea (6) 3. Third plot 
| +! 4 4. Border swath 


: - 5. Swaths 


| (3) =a . 6. Turnaround strip of implement 


7. (C is width of small plot, generally 
(7) (C—A\K®, 150~300 &) 150 to 300 meters) 














2. Determining the Harvesting Method 


The harvesting method should be determined in accordance with the ground 
condition, growth condition of the crop, variety characteristics, weed condi- 
tion and the types of harvesting implements available. In areas where condi- 
tions are favorable, traditional harvesting should be carried out by all means, 
in order to improve working efficiency and the quality of the product, reduce 
the labor cost of sunning grain and cut crop losses. However, for traditional 


harvesting to be adopted successfully, the following requisites must be com- 
plied with: 


(1) The land is level. 
(2) Crop plants grow evenly. 
(3) The height of the plants is over 60 centimeters. 


(4, Wich cereal grains, the density per square meter is over 600 spikes 
aud the distance between rows must not be greater than 15 centimeters; and with 
paddy rice, the row spacing must not be greater than 25 centimeters. 


7 


(5) cheve is littie rainfall during harvest time. 


Al the time of determining che harvesting method, attention should also be 
paid to coordinating traditional harvesting with combine harvesting. All 
plots of land are suitable for traditional harvesting where crops grow tall, 
density is high, ripening is uneven, weeds are relatively plentiful and the 
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ground is low-lying. On the other hand, combine harvesting is appropriate 
for plots where plants are short, density is low, ripening is uniform, weeds 
are sparse and the variety of crops is susceptible to shattering and sprout- 
ing. 


3. Drawing Up of Harvest Work Plan 


(1) Setting the Date of Harvest--First of all, a date of harvest should 
be set for each plot to be harvested in accordance with the degree of maturity 
of the crop and the method of harvesting. Then draw up a chart showing the 
order of harvest work to be done. 


(2) Combining Reaping, Implements--Aside from self-propelled combines 
(like the East Wind ZKB-5 model), reaping implements, such as the drawn-type 
combine and windrower, must be combined properly according to reap body 
resistance and power lost through transmission. 


(a) Combinations of Tractors with Combines: 








(1) “| (6) & ¢ & HH 
11D H Tar-4.9 8k u-25 » Dmir-2e LOGw-1» 119Q-2.5 
.9B ae KA | KKB 
ane 9%) He) (itd 3.5 20) NM nt dia? 2X) (iti 2.5) 











(Sect coves! wwe |e 
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(3)RAE-54/75—1 | 1 (Bt) | — / 4 
(4) wets - | = | 1 
(5) #&-35 5 — - — | 1G) = 
Zz | (42) 

Key: 

1. Brand name of tractor 

2. Red Flag-80/100 

3. East is Red-54/75 

4. Iron Ox-55 

5. Bumper Harvest-35 

6. Combine 

7. GT-4.9 or GT-4.9B (cutting width 4.9 meters) 

8. Bumper Harvest-35 model (cutting width 3.5 meters) 

9. Pearl River-No.2 paddy rice harvester (cutting width 2.2. meters) 


10. Bumper Harvest-1l model paddy rice harvester (cutting width 2.2. meters) 
ll. LQ-2.5 (cutting width 2.5 meters) 
12. (Direct-mounted) 
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(b) Combination of Tractors with Windrowers for Traditional Harvesting: 

















(1) | (4) 8 * &@ | | 
esmee | - ———-- 48) 1H BK 
RiLHeAG (5) 9 vs We & 

_ 48X38 1 (9) mB it 
| =6(6) KR 4-0 1 9) i BH 

(2) s7yet-54/75 Gs-4.9 1 (10) @ # 4 

GS-4.6 1 (10) m # 5 

3)  sX3as | 1 (9) a & 

( Ke-55 _ ~GS-4.9 1 (10) mH # 3 

GS-4.6 | 1 (10) m # 3 





1. Brand name of tractor 6. Harvest-4.0 

2. East is Red-54/75 7. Number of machines 

3. Iron Ox-55 8. How combined with the tractor 
4. Windrower 9. Front-mounted 

5. Model 10. Side-drawn 


(c) Combining Pickup-Threshers--The combination of a pickup and a thresher 
is the same as that of drawn-type combines. Remove the cutting knife from 


the combine and mount a crop pickup in its place or detach the cutting platform 
and mount a picking platform in its place. 


(3) Furnishing Harvester Units with People for Work: 





~~ 


(l)h @ B® | anne bens es | EDD 





+ 





(2)#3itmheunn 1 1 | we | 2 


(3) AEARARTS _ 1 1 : 
(4) Miele i ¢; - | « 
5) #IABRM A 1 1 | Ise 2 
(6) ftantmene | 1 2 
(7) Bee 2 — Fe 2~3 





Note: The above are the number of people furnished for 
each work shift. If there are to be day and night shifts, 
then two shifts of personnel should be provided. 


Key: 

1. Combination of implements 7. Straw gathering unit 
2. Trailed combine 8. Tractor operator 

3. Self-propelled combine 9. Harvester operator 

4. Windrower unit 10. Harvester assistant 

5. Trailed pick-up thresher unit ll. Straw gathering worker 
6. Self-propelled pickup-thresher unit 
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(4) Supplying the Means for Grain Transportation--The number of trans- 
port vehicles which need to be supplied to a combine harvester unit may be 
determined according to the following formula: 


Number of transport vehicles = yield (catty/mou) x efficiency of harvester 
unit (mou/hour) x time required for making one round trip to transport the 
grain + 60 x carrying load (ton) per transport vehicle x 2,000 


The time required for making one round trip to transport the grain is ceter- 
mined by the distance between the harvesting ground and the d-ying ground as 
well as the carrying load of the transport vehicles and the capacity of the 
grain tank of the combine. 


Prior to assembling the different types of transport vehicles for participa- 
tion in harvest work, all holes and cracks in the sides of cheir boxes should 
be plugged or calked, so as to prevent loss of grain. 


4. Methods for Operating Harvester Units 


(1) Drawn-type windrower units and combine harvester units can only 
operate on plots where swaths have already been cut. Customarily, they employ 
the toward center round-and-round operating method and the two-plot three- 
roundabout operating method (Figure 8-28). 























eee! ee | Figure 8-29. Line of Travel of 
TTT TT TEE TTT TTT T Trailed Windrow-Pickup-Thresher 
| Sees Unit in Roundabout Operation 
ALTE T ohare eR | | 
L LEE EE 
Hokskebebocsh lt hedagerete ghee 

~ oS 

-——}-—-—}-— +0 





(C is the width of one circuit, which is somewhat 
greater than the minimum diameter of a turn for the 
unit and usually is the width of four or five ridges) 


(2) When all front-mounted in-line windrowers are used in windrowing 
and all self-propelled combines are used in picking up and threshing, apart 
from the toward center round-and-round method and two-plot three-roundabout 
method, the outward center round-and-round method and roundabout method 
(as shown in Figure 8-29) may also be employed. The operating route and 
direction of the pickup-thresher unit must be the same as the operating 
route and direction of the windrower so as to facilitate picking-up and 
reduce the loss incurred in the process of picking-up. 
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(3) Similarly, the operating route and direction of the draw.-type 
pickup-thresher unit should be the same as the operating route and direction 
ot the windrower. Due to the fact that the row of grain to be cut on the 
first trip by the windrower will occupy the swath, before the start of opera- 
tion of the drawn-type pickup-thresher unit, a self-propelled pickup-thresher 
unit must be used to pick up the cut grain to open a way for the drawn-type 
pickup-thresher unit. Or manual labor must be additionally employed to move 
the cut grain to the right of the operating direction of the machines to clear 
a swath for them. 


5. Trial Cutting 


Prior to actual harvesting, it is necessary to conduct trial cutting. 
The idea is to check for engine trouble in the harvesters that has not been 
detected when idling following their overhauling, and correct any problems 
uncovered, and to inspect and adjust the work quality of the harvesters. Items 
to be inspected and the methods of inspection are as follows: 





(1) Stubble Height--A ruler is used to take measurements at three to 
five places along the long side of the field over which a cutter bar has passed 
and on the basis of these measurements, the average height of the stubble is 
calculated. If the stubble height is found to be too high or too low, the 
height of the cutter bar should be adjusted accordingly. 


(2) Direct Harvesting and Windrowing Losses on the Ground (Table 
Losses)--Prior to carrying out an inspection, the natural losses of the crop 
through shedding of grain spikes should be checked out. The method is to 
take five to seven areas, each measuring 1 square meter, along a diagonal 
line on the field prior to harvesting and collect the dropped grains and 
spikes found on the ground to determine the amount of natural losses per 
Square meter. The formula follows: 


Amount of natural losses (catty /meter- ) = Total weight of loss grains “ 
spikes (catty) + Number of areas inspected (each area measuring 1 meter@) 


The inspection of direct harvesting losses on the ground should be 
carried out simultaneously with the checking of stubble height. This means 
measuring o.f l-square-meter areas (approximately equivalent to the working 
width) at different places, picking all the grains from the uncut and shedded 
spikes within those l-square-meter areas, and weighing all the grains collected 
to calculate the percentage of loss. The formulas follow: 


Amount of ground losses per mou (catty/mou) = [Tota! weight of eae lost in 
various areas (catty) : Totgl area of inspection points (meter?) - Amount of 
natural losses (catty/meter? )] x 666.7 


Percentage of ground losses (%) = Amount of ground losses per mou (catty/mou) 
: Average expected yield per mou (catty/mou) x 100 
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If the amount of loss through shedding of grain and spikes is found 
to exceed the prescribed standard, the speed and position of the reel should 
be adjusted. The speed of the reel should be regulated so that the linear 
speed of the reel board will be 1.2 to 1.5 times the forward speed of the 
implement. The positioning of the reel upward or downward hinges upon the 
height of the plants. The reel board should be set at a height about two- 
third thet of the plants. As for the positioning of the reel forward or back- 
ward, under normal conditions, the reel axle should be 6 to 9 centimeters in 
front of the cutting mechanism, but in the harvesting of a short-stemmed crop, 
it should be moved to within 2 to 3 centimeters of the cutting mechanism and 
a canvas should be additionally mounted on the reel board. A cam-action rerl 
should be installed for harvesting lodged grain. When the cam-action reel is 
rotating, the ends of the spring tines on the reel should be 2 to 3 centi- 
meters above the ground and the same distance from the cutter guard, and the 
reel axle should be 40 to 60 centimeters in front of the cutting mechanisn. 


Aside from adjusting the reel, the outside divider should also be 
checked to see whether it is functioning properly and whether there is any 
crushing or pulling down of the crop. If such things happen, the position of 
the divider may be adjusted or the divider itself may be shortened. In addi- 
tion, the cutter bar and its bridges should be inspected for holes through 
which grain may drop out, and if there are, they should be plugged. Sometimes 
grain may also drop out from such areas of a combine harvester as the thresher, 
cleaner, grain elevator and tailings elevator and this will greatly increase 
ground losses. Attention should be paid to this matter at the time of inspec- 
tion. 


(3) Threshing and Separating Losses--At the initial stage of harvest- 
ing (trial cutting time), a 3-man quality inspecting team should be organized. 
The three team members should each use a cloth sack attached to the end of a 
pole to catch simultaneously within a period of 5 to 10 seconds the grain 
ejected from the grain outlet, the straws from the stripper beater (short- 
straw sieve) and the chaff from the rear of the upper sieve, weigh them 
separately and determine the grain-to-straw ratio (i.e., the weight ratio be- 
tween grain and chaff and short straws) as well as the weight per 1,000 grains. 
(Measurements should be repeated several times in order to arrive at an 
average). 


Checking for shoe losses is carried out at the same time as checking 
for threshing losses. A cloth sack attached to the end of a pole is used 
to catch the short straws and grain ejected from the rear of the top sieve 
and determine the total weight. Then pick out the spikes that have not been 
threshed cleanly and count the numer of grains that have not been beaten out 
and weigh them by the thousand (gram). At the same time, pick out the grains 
mixed with the short straws, count them and then weigh them by the thousand. 
Then calculate the percentage of loss according to the following formulas: 
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Percentage of loss due to unclean threshing (%) = weight of grains threshed 
uncleanly (gram) + 500 x weight of short straws (catty) x grain-to-straw 
ratio x 100 


Percentage of loss due to separating uncleanly (grains from among short 
straws) (Z%) = weight of grains mixed with short straws (gram) * 500 x weight 
of short straws (catty) x grain-to-straw ratio x 100 


If, after several checks are made, the percentage of loss exceeds the 
limit, adjustment should first be made to the spacing between the threshing 
cylinder and threshing concave. As a rule, in harvesting a crop with large 
grains and a high degree of maturity, and which is dry and prone to shedding, 
the cylinder speed should be low and the cylinder-to-concave spacing should 
be widened. Otherwise, the cylinder speed should be high and the cylinder- 
to-concave spacing should be reduced. In adjusting the cylinder-to-concave 
spacing, not only should attention be paid to threshing the grain cleanly and 
br aking up stalks properly, but care should also be taken not to allow the 
stalks to be broken up too finely. When the stalks are broken up too finely, 
it is easy to increase loss through unclean separation. When the speed of 
rotation of the threshing cylinder: is too high or the cylinder-to-concave 
spacing is too small, it is easy to cause grain breakage. When the crop is 
damp, or weeds are relatively numerous, or the cylinder-to-concave spacing 
is large, it is easy to get unclean threshing. For this reason, the combine 
operator should adjust the cylinder-to-concave spacing three times daily in 
accordance with the degree of dryness of the crop. If, after adjustment, 
not only is threshing still unclean, but there are more broken grain, the 
cylinder, concave and cylinder teeth should be inspected to see whether there 
is any warping. After the causes are determined, corrections should be made. 


(4) Shoe Losses--In order to check for shoe losses check for grain in 
the chaff. The method is to catch chaff with a cloth sack from the rear of 
the cleaning sieve and determine the total weight. Then pick out the grain 
mixed in the chaff, tally up the number, determine the grain weight by the 
thousand and calculate the percentage of loss according to the following 
formula: 


Percentage of loss due to cleaning none too thoroughly (grain mixed in chaff) 
(4) = weight of grain mixed in chaff (gram) + 500 x weight of chaff (catty) 
x grain-to-chaff ratio x 100 


If cleaning losses exceed the limit, the wind capacity and wind direc- 
tion inside the cleaning chamber, the screen pitch and amplitude, and the 
sieve apertures should be adjusted. By and large, when the crop is dry, 
losses will increase if the wind capacity is too great, if the wind direction 
is toward the rear of the sieve, if the screen amplitude is extensive, if the 
screen pitch is small and if the sieve apertures are also small. When the 
crop is damp, losses will also increase if the load on the sieve face is 
great, the wind capacity is small, the wind direction is toward the central 
rear portion of the sieve, the screen pitch is small, the apertures are small 
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and the amplitude is also small. Hence, they should be adjusted according 
to the conditions. If the load on the sieve face is too great (the matter 
being sifted is too thick) and adjustments do not bring much results, the 
cylinder-to-concave spacing should be widened to insure the cleanliness of 
grain threshing, so that the stalks of the crop will not be cut up too finely. 
This may reduce the load on the sieve face. Then proceed to make other adjust- 
ments. 


Total combine losses are the sum of table losses and threshing losses. 
Table losses represent the amount of grain lost due to shattering, shedding 
of spikes and gapping in the course of harvest. Threshing losses are the sum 
of cylinder losses, rack losses and shoe losses. 


(5) Degree of Cleanliness and Percentage of Broken Grain--Take a 100- 
eram sample from a granary, sort out the impurities and broken grain, weigh 
them separately, and the degree of cleanliness and perceutage of broken ,rain 
are determined right away. If the degree of cleanliness is low or the per- 
centage of broken grain is high, the cleaning chamber and the cyliuscer and 
concave should be inspected and adjusted with a view to raising the degree of 
cleanliness and lowering the percentage of broken grain. However, regulating 
the degree of cleanliness should not bring an increase in shoe losses and 
reducing the percentage of broken grain should not give rise to an increase 
in cylinder losses. 


(6) Inspection of Traditional Harvesting--Check ‘whether or not the 
swaths cut in traditional harvesting are spread evenly and orderly and whether 
or not their widths and thicknesses are about the same. If they are not up 
to requirements, the causes should be determined and corrections made imme- 
diately. 


During pickup threshing, pickup lowses should be checked. After pickup 
work is completed, with a swath as the center, take a l-meter-long swath 
sample (equivalent to pickup losses in an avea of 1 meter times the width of 
swath) and pick up the shattered spikes and grain. After counting the grains, 
determine the weight of grain lost per square meter. 


Weight of pickup losses per square meter (catty) = weight of grain lost within 
l-meter-long swath sample (catty) * 1 meter x average actual width of windrow 
(meter) 


Pickup losses (%) = [Weight of pickup losses (catty/meter*) - weight of 
windrow and natural losses (catty/meter) } x 666.7 meter? + average expected 
yield per mou (catty) x 100 


Generally, if pickup losses a e considerable, it is because the 
clearance of the spring tines or of the spring tines of the pickup is too 
high or the swaths are strewn loosely or have collapsed in a heap. At the 
same time, if the rotation speed of the spring tines is too high, it will 
likely scatter grain from the crop being thrown together in a row and this 
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increase pickup losses. Therefore, the pickup shoes should be properly 
regulated, the clearance of the spring tines should be adjusted and the 
swaths should not be thrown about prior to pickup. Simultaneously, the speed 
of spring-tine pickups should be adjusted to within the range of 80 to 100 
revolutions per minute and operation should be conducted with due care so as 
to reduce picxup losses. 


IIl. Inspection of Harvest Quality 


Every shift at work must conduct a quality inspection of the harvest. 
Items to be inspected and the methods of inspection are the same as in trial 
harvesting. Inspection should be carried out after harvesting of an entire 
plot is completed. An inspection certificate should be filled out and the 
amount and quality of work done should be noted. 


Threshing 
I. Requirements for Farming Techniques in Threshing 


(1) Threshing tasks should be done when the crop straw and grain are 
completely dried, so as to prevent losses due to mildew, germination and 
bird and rat damage. 


(2) Grain must be threshed cleanly. 


(3) The percentage of broken grain must not exceed the prescribed norm. 
Especially with seed grain, damage due to breakage or crushing is not per- 
missible. 


(4) Threshed grain, chaff and straw should be separated entirely. 
Straw and chaff should be piled up separately. 


(5) Threshed grain should be bagged and piled up according to grade. 


Ii. Organization of Threshing Work 
l. Preparation of Thresh‘ng Ground 


(1) Selection of Threshing Ground--A piece of land which is level, 
high and dry, hard and firm on the surface, convenient to transportation 
and near to a water source should be picked as the threshing ground. At the 
same time, attention should also be paid to the direction of the seasonal wind 
and the production efficiency of the thresher. The amount of work done at 
each temporary threshing area should not be less than 3 to 4 days. 
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(2) Leveling of Ground Surface--In general, a threshing ground should 
be an area of 60 x 80 meters. Its surface should be leveled 10 to 15 days 
prior to threshing. A firebreak 2 to 3 meters wide should be dug on the four 
sides of the threshing ground, fire-prevention measures should be laid down 
and fire-fighting equipment should be provided. In those areas where rain- 
fall is plentiful, awnings should be set up to provide shelter from the rain 
and drainage ditches should be dug. 


(3) Threshing Implements--All implements for use on the threshing ground 
must be delivered before the start of threshing work. 


(4) Illumination--Illumination facilities should be installed on the 
threshing ground. 


(5) Arrangement of Threshing Ground--Stacking should be completed 3 
days prior to threshing. As much as possible, the thresher should be ple ed 
down wind or form an angle of 30° with the wind direction. It should maintain 
a horizontal position an] its wheels should be secured so as to avcid any mo- 
tion while at work. 


(a) When the Bumper Harvest-1000 thresher is used for threshing, the grain 
piles should be arranged symmetrically. The distance between two piles of 
grain should be 4 to 5 meters. The first two piles should run parallel with 
the second two piles and they should be 30 to 50 meters apart. 


(b) When a drawn-type combine is used in stationary threshing, the distance 
between the cutter bar and the grain piles should be greater than 2 meters. 


(:) When a self-propelled combine is used in stationary threshing, insofar 
as the arrangement of the threshing ground is concerned, reference may be 
made to the Bumper Harvest-1000 thresher. 


2. Drawing Up a Threshing Work Plan 


About 10 days prior to threshing, a threshing work plan should be mapped 
out in accordance with the date of barvest, area of harvest and expected yield. 


3. Supplying Threshing Personnel 


The working efficiency of a thresher unit has a direct relation to 
whether or not its personnel are supplied and organized properly. Generally, 
in operatiny an automatic feeding type thresher, each shift is supplied with 
18 to 20 people. 


4. Adjustment of Thresher 
(1) Speed of Rotation of Cylinder--Generally, the normal rotation speed 
of a power thresher operating under a load is 1,100 revolutions per minute. 


But due to a difference in size, shape and surface smoothness among the various 
crop grains, the speed of rotation of the cylinder should be adjusted. 
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Crop Speed of rotation of cylinder (RPM) 


Wheat 1100 - 1175 
Barley 950 - 1050 
Millet 750 - 800 
Soybeans 400 - 500 
Paddy Rice 850 - 950 


If the rotation speed of the cylinder does not conform to standard, the 
belt pulley should be changed for one that fits. The diameter of the belt 
pulley may be determined according to the following formula: 


Diameter of belt pulley of thresher = diameter of belt pulley of motor x 
rotation speed of belt pulley of motor ‘ rotation speed of belt pulley of 
thresher x (1 - 0.05) 


(2) Cylinder-to-Concave Spacings--The cylinder-to-concave spacings 
should be adjusted so that not only can the thresher beat out grain cleanly, 
but it also does not break the grain. As a rule, when wheat is threshed, 
the spacings should be: infeed section 16-25 millimeters, mid-section .3-12 
millimeters, outlet section 2-6 millimeters. If unclean threshing i- 
detected, the position of the concave should be raised and the spzcings 
reduced. If grain bre kage is detected, the position of the coycave should 
be lowered and the spacings widened. 





(3) Diameters of Sieve Mesh--If grain is found scattered among the 
chaff or if chaff is not separated cleanly from the grain, adjustments should 
first be made to the size of the fish-scale mesh of the screen sieve and the 
opening of the fan outlet. In case these adjustments have no effect, then 
the screen sieve should be changed. 


(4) Positioning of Bluff Boards--If grain is found among the straw 
being discharged, the bluff boards at the upper rear section of the threshing 
cylinder and on the straw beater should be lowered, the speed of moving rice 
stalks toward the rear should be reduced and the time for separation inside 
the straw beater should be lengthened so as to cut down grain losses. But 
if the stalks become entangled in the cylinder or clog the straw beater, then 
the bluff boards should be lifted. 


Ill. Quality of Inspection of Threshing Work 


After the thresher unit begins its normal operation, the work of each 
shift should be inspected once or twice. Reference may be made to the quality 
inspection of the threshing part of combine harvest work for items to be in- 
spected and the methods of inspection. 
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Grain Drying Work 
I. Requirements for Farming Techiniques in Grain Drying Work 


(1) The moisture content of field output (including cereal grain and 
cotton fibers) should be reduced quickly in order to prevent their heating 
and mildewing. 


(2) The impurities mixed in with field output should be removed and 
the cleanliness of field output should be improved. 


(3) Mechanical mixing of field output in the process of drying shou!d 
be closely guarded against. Grain to be left as seed must be dried and stored 
separately, and after being dried, it should be duly graded. 


(4) The “tailings” separated from graders, threshers and combine 
harvesters should be dealt with in good time. Broken grain, half-filied 
grain and weed seed which can be used as material for processing i. a side- 
line or as feeds should be separated from the tailings end utilized. 


(5) The yield of the different varieties of crops and various plots 
of land should be calculated and tabulated correctly. 


ll. Organization of Grain Drying Work 
1. Construction of Grain Drying Ground 


(1) For the construction of a grain drying ground, a place whic’ is 
near to a granary, high in elevation, well-drained and convenient for crans- 
portation should be chosen. 


(2) The area of the drying ground should be determined according to 
such conditions as the amount of field output entering the ground daily, 
the moisture content of the field output, the rate of impurity of the field 
output, the climatic conditions during harvest time, the degree of mechaniza- 
tion of the drying ground and the storage time of the grain. Generally, it 
may be calculated according to the following formula: 


Area of drying ground (meter”) = Amount of field output entering ground 

daily * raount of grain to be dried per square meter x number of days required 
for drying + area occupied by grain in storage and ineffective area (generally 
calculated at 25 to 35 percent of effective area) 


The ~vea of the drying ground may also be calculated at 0.1 to 0.2 per- 
cent of the main crop area when the per mou yield of the crop is 200 to 300 
catties and when each combine harvester is responsible for about 2,000 mou 
of the area of harvest of principal crops. If it is a cement-paved drying 
ground, the area may be calculated at 0.08 percent of the sown area of prin- 
cipal crops. 
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(3) The drying ground should be divided into a number of small plots. 
In general, each small plot should measure 20 meters wide and 50 to 100 meters 
long. its middle part should be in the shape of the dorsal fin of a fish, 
with the center 30 to 40 centimeters higher than the two sides. Arched 
drainage ditches should be built between the small plots. 


(4) Im areas where there is much rain, a permanent rain shelter should 
be constructed on the grain drying ground to serve cs a temporary storage 
place for the field output. Generally, the w*dth of a rain shelter is 10 to 
12 meters and the length may be determined according to the length of the dry- 
ing ground. As for height, it should accommodate the installation of winnowing 
m hines inside the shelter and the trucks going in and out to load or unload 
e,4in. However, it is suitable that the height of the edges of the roof (on 
the long side) should not exceed 1.5 meters. 


(5) ‘The construction of a drying ground should be completed 15 to 20 
days before the harvest of a crop and attention should be paid to doing well 
the work of maintenance. Chaff and other materials should be used to cover 
an earth drying ground well when it is no longer in use. This is to prevent 
the ground from cracking under a broiling sun. When it rains, man as well as 
animal should be prohibited from entering the drying ground. After a rain, 
when the ground has dried somewhat, it should be rolled once. 


2. Outfitting the Drying Ground with Machinery 
The drving ground should be equipped with various types of grain drying 


machines in accordance with the amount of field output entering the ground 
daily and the mechanical efficiency of the machines. 


(1) Grain Cleaners: 
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(2) Grain Winnowers: 
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l. Model 4. Power required (kilowatt) 

2. GHG-2.0 model stationary drier 5. Productivity (ton/hour) P 
3. GHY-1.5 model portable grain drier 6. (rain 1.5, seed 1.0 


(4) Grain Loaders--For example, a grain conveyor will require power 
of 4.5 kilowatts and a three-man crew to operate. Its output rate per hour 
is about 40 tons. 

3. Supplying Drying Ground with Materials 


(1) Metering Equipment--Scales, abacuses, weighers with a sensitivity 
of 1/100, etc. 


(2) Covering Materials--Canvas, mattings, woven straw, movable grain 
sheds, gumny sacks, wooden (stcne) fioors, cord netting, etc. 


(3) Implements for Turning Over Grain--Winnowing baskets, brooms, 
open baskets, sieves, rakes, grain sweeping boards, etc. 


(4) Fire-fighting Tools--Fire extinguishers, fire-fighting water 
buckets, sand boxes, hooked rods, axes, iron spades, ladders, etc. 
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(5) Instruments for Conducting Inspection--Thermometers, grain probes, 
moisture meters, germinating utensils, etc. 


(6) Daily Necessities for Workers--Drinking water buckets, cups, storm 
lanterns, etc. 


4. Providing Personnel for Drying Ground 


Manning the drying ground is determined by the amount of grain entering the 
ground daily, the degree of mechanization of the ground and the number of 
shifts per day. During the entire period that the drying ground is in opera- 
tion, there should be a comrade permanently placed in overall charge and a 
mechanical maintenance crew. 


5. Method for Operating the Drying Ground 
(1) All grain delivered to the drying ground from the fields or 
threshing ground should be weighed or its weight should be estimated accord- 


ing to volume. 


(2) Any movement of grain in and out of the drying ground should be 
recorded in detail. 





(3) Upon delivery to the drying ground, grain should be air-dried and 
cleaned sparately according to its variety and moisture content in order to 
prevent mixing. 


(4) After being weighed at the time of delivery, grain should be 
winnowed immediately to remove the chaff, broken straw, weeds and weed seed 
mixed in the grain. Also, its temperature and noisture content should be 
decreased. 


(5) Grain should be spread out to be sunned as soon as the early 
morning dew has disappeared. The thickness of the spread-out grain should 
be determined in accordance with its moisture content. Generally, it should 
be in the neighborhood of 7 centimeters. The grain being sun-dried should 
be ridged and stirred frequently in order to speed up reduction of its mois- 
ture content. There are two methods of ridging the grain: one is ridging the 
grain toward the sun (ridges and furrows running parallel to the rays of the 
sun) and the other is ridging the grain toward the wind (ridges and furrows 
running parallel with wind direction). The latter method is used mostly in 
windy weather. 


(6) Before dew falls in the evening, the work of heaping up the grain 
should be accomplished. The grain pile should take the shape of the dorsal 
fin of a fish. In order to facilitate dissipation of heat, the pile should 
not be covered up right away. If reed mats are used in covering, the coarse 
side should face upward. Each mat should overlap another so as to prevent 
leakage of rain water. Furthermore, the mats should be held down with cord 
netting and rocks so as to prevent the wind from blowing them away. 
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(7) Attention should be paid to checking any changes in the tempera- 
ture and moisture content of the grain delivered to the drying ground. 
Especially for grain delivered just before or after a rain and for grain 
heaped up in the evening or in wet weather, the temperature of the pile should 
be checked once every 2 or 3 hours and a record kept of the temperatures. If 
the temperature of the grain pile is found to be higher than the air tempera- 
ture and shows a tendency of rising even higher, then a labor force should be 
organized to break up the pile and winnow the grain, so as to bring down its 
temperature. 





(8) The moisture content of the grain on the drying ground should be 
measured once daily (including examination with the senses). When the mois- 
ture content reaches a storable stage, sun-drying of the grain should cease 
immediately and preparation for its storage should be made. 


(9) Prior to its release from the drying ground, all coumercial grain, 
whose moisture content conforms to standard, should be winnowed so as to 
improve its quality. Through winnowing, the inferior grain, which as a low 
rate of processing into a finished product, is separated out and used as feed. 


(10) Among the impurities separated through winnowing, seed selection 
and cleaning, there often are many broken grains, empty kernels and weed 
seeds. These should be sun-dried and separated well, in order to gather and 
utilize what is usable. Mixed with the rest of the trasn are the spores of 
rice plant diseases and egg masses of insect pests. Im orcer to prevent 
their dissemination, it is best that they be allowed to become decomposed 
through the “high temperature composting method" and used as a fertilizer. 


(11) On a drying ground with dehydrating facilities, grain should be 
conveyed directly to a drier for drying right after winnowing. It is best 
that such work as weighing, winnowing, drying, cleaning and storage should 
be organized into an automated line. 

lll. Inspection of the Quality of Grain Drying Work 

(1) Inspect the moisture content of grain. 

(2) Inspect the cleanliness of grain. 


(3) Inspect the grain for any signs of mildew, heating, etc. 


(4) Inspect for drying ground losses (mainly losses of grain mixed 
with impurities). 
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Safety in Handling Machinery at Work 


Safety in production is an important condition of safeguarding the 
life of the people and the property of the state, maintaining the order of 
production and insuring the smooth carrying out of the work of building 
socialism. In the use of agricultural machines, it is also necessary co 
handle machinery at work safely and prevent any accidents involving people 
or machines. 


I. Safety in Tractor Operation 


(1) Fuel oil must go through sedimentation and filtration before it is 
used to fill a tractor (engine). Fuel oil containers, oil filling instruments 
and fuel tanks of tractors must be clean and washed at regular intervals. 

The use of an open fire for illumination during oil filling is strictly 
prohibited. 


(2) Oil in the sump of the engine should be maintained at the prescribed 
level. The sump should be cleaned and the oil changed periodically. All 
lubricating points should be lubricated according to the requirements of 
maintenance. 


(3) Only clean soft water should be added to the water tank of the 
engine. When the water tank “boils over," pouring cold water into it in 
desperation is prohibited. In winter, when the engine is turned off for a 
brief period the temperature of the water in the tank should be maintained 
at between 30 and 40°. In case of necessity, the engine should be turned 
on to raise the water temperature. In winter, when the engine is turned off 
for a relatively long period, the water should be drained completely as soon 
as its temperature has cooled down to between 50 and 60°, so as to avoid 
freezing damage to the cylinders. 


(4) To dry a tractor in winter, the use of an open fire is prohibited. 
Moreover, there should be someone to devote special attention to the fire-pan 
and he cannot leave his post on his own. 


(5) When starting the tractor, the gear lever should be in the reutral 
position. In starting the engine by a crank, the five fingers of the hand 
turning the crank should be close together and the body of the cranker should 
remain at a distance from the crank. In starting the engine with a starter 
rope, the rope must not be allowed to wrap around the hand of the puller. In 
Starting the engine with a motor, depressing of the starter should not last 
longer than 15 seconds each time. If the engine does not start after the 
first try, stop for 5 to 10 seconds before trying again. 


(6) Before moving the tractor after it is started, all instrument 
indicators should be checked to see whether everything is functioning normally. 
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Also check whether any strange noise is generated by the engine, whether 
there is any leakage of oil, water, air or electricity, whether there is 
any loosening of fastened accessories, whether tools needed are complete, 
whether there are any obstacles within the range of movement of the outfit, 
and whether there are people standing or working in front of, behind or 
under the outfit. Sound signals before moving off and proceed only after 
determining that it is safe to do so. 


(7) Im hitching agricultural implements, the operator of the tractor 
_ should heed the direction of the hookup personnel. He should reverse the 
tractor only at partial throttle, pay attention to the safety of the hookup 
personnel and ever be ready to brake the tractor at any time. 


(8) The operator should concentrate his attention on controlling the 
tractor. At all times, he should be alert to the indicators on the instrument 
panel and listen to the engine noise. He must not smoke, joke or doze off. 
Personnel inside the « perator's compartment must not exceed the prescribed 
number. After drinking, the operator is forbidden to operate the tractor. If 
the engine makes an unusual noise or if the instruments indicate danger, the 
tractor should be stopped immediately and the engine turned off for inspection. 
And only after the trouble is eliminated or after the tractor is considered to 
be in good technical condition can the engine be restarted and work resumed. 


(9) The speed should be reduced when the tractor or the agricultural 
implement hitched toor mounted on the tractor is making a turn. Turning at 
high speed is strictly prohibited. 


(10) When the tractor and the implement hitched to or mounted on the 
tractor are moving or at work, nobody is allowed to climb up and down at will. 
Before the engine is turned off or before power is cut off from the power 
takeoff shaft, nobody is allowed to crawl under the tractor body or under the 
implements to inspect, adjust or remove a fault. Before an oil pressure 
mounted implemented is propped up properly, nobody is allowed to crawl under 
it to adjust or remove a fault. 


(11) When traveling on a highway, a tractor should obey all traffic 
regulations and heed the direction of the person directing traffic. When 
passing a town or village, the operator should slow down the tractor and pay 
attention to pedestrians as well as other vehicles and horses. 


(12) Tractor and farm implement operators on the night shift should 
pledge to have 8 hours" sleep in the daytime. Personnel working on the night 
shift must not rest or sleep along the edges or on the headland of the field 
within the working area. 


(13) Tractors without lighting equipment are not allowed to travel 
or operate at night. 
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II. Safety in Field Work Operation 


(1) When a tractor-drawn manually-operated share plow is used to plow 
the field, the seat of the rear operator should be secured and hand rails should 
be installed. The operator must not place his hand or foot on the pull arm of 
the crankshaft. When working on the night shift, he must not doze off while 
riding on the plow. Nobody is allowed to sit anywhere else on the plow. While 
the plow is being lowered, people around the plow m°’ move far back. 


(2) While a plow is making a turn or being lowered, nobody should 
stand within the range of motion of the implement. 


(3) The weight box should be coupled securely to the disk plow. Rocks, 
iron pieces or discarded spare parts must not be used as weight, so as to avoid 
their falling off and damaging the dick blades. While the plow is operating 
or being transported, nobody is allowed to sit on the weight box. 


(4) There must not be any cleavage on the towing attachment of a 
seeder. When a number of seeders are hitched together in operation, a safety 
chain should be added to the hitch point of the front seeder. 


(5) The foot board and hand rail of a seeder should be firm and reli- 
able. The maximum number of people to stand on top or a seeder should not 
exceed three. While a seeder unit is in operation, and in particular when 
other implements such as a packer are hitched to it for a complex-type opera- 
tion, the operator must not get on and off the seeder at will. 


(6) When the seed wheel of a seeder is clogged, the operator must not 
use his hand or an iron instrument to scrape the wheel. He should use a 
small piece of wood to clear away the seed. When the furrow opener of a 
seeder is clogged or when the disk is blocked, the operator must stop the 
tractor to clear the blockage. 


(7) In all operations in which trailing implements have operators sitting 
on top, and particularly in operations such as seeding, cultivating and harvest- 
ing, in which relatively many working personnel take part, the exhaust pipe of 
the tractor should be converted to operate a steam whistle or some other kind 
of warning signal in order to insure communication among the work team. Before 
the tractor is started or stopped, a signal should be given. 


(8) In power spraying or dusting work, the tractor operator and those 
workers responsible for mixing the agricultural chemicals and putting the 
preparation into the sprayer should all wear the required protective para- 
phernalia. The applicator and its working personnel should be situated upwind 
or upwind to the side. If the spray nozzle fails during an operation, the 
pressure should first be turned off before an attempt is made to remove the 
fault. 
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(9) Smoking, drinking water or eating food is prohibited when sowing 
seed treated with agricultural chemicals or conducting a spraying operation 
in the field. Before drinking water, eating food or smoking, a person must 
remove the protective paraphernalia and wash his hands and face with soap, 
so as to guard against accidental poisoning. When spraying or dusting with 
extremely poisonous chemicals, ‘t is necessary that the provisions governing 
the safe application of extremely poisonous agricultural chemicals should be 
strictly observed. 


(16) For safety measures in paddy field work, see Items to be Noted 
in Tilling and Harrowing Work in Paddy Fields and Items to be Noted in Trans - 
planting Work. 


(11) Spark collectors should be mounted on the exhaust pipes of the 
harvesting implements. The harvesters should all carry fire extinguishers and 
other fire fighting tools and keep first aid kits for use in an emergenc: 


(12) Before the transmission of a harvester is switched on. ‘tis seed 
chamber, feeding cylinder and separating and cleaning mechanisms should be 
checked to see whether there are people or foreign objects there. Prior to 
switching on the transmission, the whistle should be sounded. 


(13) When a harvester -evelops engine trouble, the power transuission 
should be cut off. When a threshing cylinder is clogged and needs cleaning 
out, the engine should be switched off. After the trouble is removed and 
before the transmission is switched on again, all spare parts chnould be 
collected and the number of tools should be checked. Also, the cylinder 
should be rotated manually and only when it is confirmed that there is nothing 
unusual with it can the transmission of the engine be engaged. 


(14) Nobody is allowed inside the grain tank when the harvester is 
unloading its grain. The power should be switched on before the discharge 
gate is opened. After unloading is completed, the discharge gate should de 
shut first and then the power is switched off. 





(15) Putting the harvester in reverse is prohibited when grass is be- 
ing unloaded. 


(16) Ascending or descending from the harvester is prohibited at 
places other than the ladders when the harvester is operating or transmitting 
power. Nobody is allowed to touch with the hand any working parts of the 
engine. All adjustments or maintenance work should be done only after the 
engine is stopped. 


(17) Working personnel of the harvesting unit are not allowed to 
smoke in the field or alongside the harvester, sleep in the field or wear 
broad-brimmed hats. The sleeves of their garments should be buttoned or 
bound at the wrist. Women comrades should tie up their long hair and cover 
it tidily. No person other than the operator is allowed to operate a 
combine harvester. 
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(18) When the cutter bar of a self-propelled harvester develops 
trouble, it is necessary to raise it and support it with brackets before an 
attempt is made to remove the fault. 


(19) Land used for turning around a harvester should first be surveyed 
and obstacles on them should be removed. 


7682 
cso: 4007 
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CHAPTER 9: PLANT PROTECTION 


Identification of Plant Diseases and Insect Pests Commonly Seen in 
Major Crops 


I. Index of Commonly Seen Plant Diseases 
Wheat 

A. Young Seedling 

1. Plumule is covered with brown spots. 


(1) Primary root and plumule sheath either turn brown or wither and die. 
Red powdery mildew appears on diseased seed--Seedling Wilt (Red Mildew) 


(2) Lesions are shaped like a shuttle or arranged in long rows, and are 
dull brown in color--Root Rot (Cochliobolus sativus [Ito et Kurib. ] 
Drechs) 

2. No lesions on the plumule. 


Young seedling is twisted and stunted--Nematode Disease (Anguina tritici 
[Steinb.] Filip. et Stekn.) 


B. Leaf Blade 
1. Lesions are covered with powdery spore masses. 
(1) Red or rusty colored powdery spore masses. 


(a) Lesions are small in size, round in shape, orange in color, and 
scattered; in later stages black spots develop, but outer skin does not 


break open--Leaf Rust (Puccinia rubigo-vera [DC.] Wint.) 


(b) Lesions are relatively big in size, oblong in shape, yellowish- 
brown in color, and scattered; in later stages, dull brown spots develop 


and outer skin breaks open--Stem Rust (Puccinia graminis tritici 
Erikss. et E. Henn.) 
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(c) Lesions are bright yellow in color, oval in shape and arranged in 
long rows along leaf veins; in later stages black spots develop-—-Stripe 
Rust (Puccinia glumarum [schm] Erikss. et E. Henn.) 


(2) White powdery spore masses. Lesions are irregular in shape and 
covered with white powdery spore masses on the outside; in later stages 
these spore masses change to light gray or dull brown and scattered tiny 
black spots develop on the surface--Powdery Mildew (Erysiphe gramminis 
D.C.) 


(3) Black powdery spore masses. Elongated dark gray spore masses 
appear on upper leaf sheaths and scatter black powder when they break 
open--Flag Smut (Urocystis tritici Koern.) 


2. Lesions are coated with black mildew. 


Lesions are circular or oval in shape, brown colored, but light yellow 
around the edges--Root Rot (Cochliobolus sativus [Ito et Kurib.j Drechs) 


3. Lesions are covered with black spots. 


(1) Lesions are big, oblong or irregular in shape, yellowish-brow in 
color, and appear only on leaves--Withering Leaves (Septoria tritici Rob.) 


(2) Lesions are relatively small, nearly elliptical in shape or arranged 
in irregular long stripes, light brown in color-—-Glume Blotch (Septoria 
nodorum Berk.) 


4. Lesions are covered with no powdery spore masses or mildew; dis- 
coloration extends from tip to the entire leaf. 


(1) Leaf begins yellowing at the tip and alternate yellow and green 
streaks appear--Barley Yellow Dwarf Virus [BYDV} 


(2) Purplish-red streaks form from tip to entire leaf, which becomes 
thick, rigid and glossy--Wheat Red Dwarf Virus [WRDV] 


C. Leaf Sheath and Stem 

l. Lesions are covered with powdery spore masses. 

(1) Red or rusty-colored powdery spore masses. 

(a) Lesions are small, nearly circular, orange-colored and scattered; 
in later stages black spots form mostly on leaf sheaths--Leaf Rust 
Puccinia rubigo-vera [D.C.] Wint.) 


(b) Lesions are relatively big, arranged in short stripes, yellowish- 
brown in color and scattered; in later stages black spots appear and 


outer skin breaks open--Stem Rust (Puccinia gramminis tritici Erikss. et 
E. Henn.) 
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(c) Lesions are small, nearly circular, brighc yellow in color, and 
arranged in long stripes; in later stages black spots form mostly on 
leaf sheaths-—-Stripe Rust (Puccinia glumarum [schm] Erikss. et E. Henn) 





(2) White powdery spore masses. 





Lesions are irregular in shape and covered with white powdery spore masses; 
in later stages these spore masses turn light gray or dull brown and 
scattered black spots appear on the surface--Powdery Mildew (Erysiphe 


gramminis D.C.) 


2. No powdery spore masses on lesions. 


(1) Lesions mostly appear on lower part of stem, arranged in a line, and 
are dark brown in color and shiny--Black Chaff (Xanthomonas translucens 
[Jones et al.] Dowson) 


(2) Lesions are not easily perceivable as they appear on underground 
roots and stems and are dirty brown in color; stems break easily--Red 
Mildew (Gibberella zeae [Schw.] Petch) 





D. Spike 
1. Spike maintains normal shape. 
(1) Lesions are coated with mildew. 


(a) Lesions on glume are elliptical in shape and seem like light brown 
water stains; afterward pink colored mildew appears at top of glume and 
finally blue-black spots develop (and earlet may turn brown)--Red Mildew 
(Gibberella zeae [Schw.] Petch) 


(b) Lesions on glume are elliptical in shape and dull brown in color; in 
later stages black mildew develops at top of glume--Root Rot (Cochliobolus 
sativus [Ito et Kurib.) 





(2) Lesiens are covered with black spots. 


Black spots occur mostly at apex of glume; lesions are circular or 
elliptical in shape and have dull brown edges and light yellow or gray 
centers; a few scattered black spots appear on the surface--Glume Blotch 
(Septoria nodorum Bexk.) 


(3) Lesions are coated with powdery rusty-black spore masses. 
Lesions are elliptical in shape and dark brown in color, with breakable 


outer skin; these lesions may devu.op on glume and awn--Stem Rust 
(Puccinia graminis tritici Erikss. et E. Henn.) 
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(4) Lesions are coated with no mildew, but with black spots and dark 
brown powdery spore masses, arranged in parallel stripes, which are 
shiny—Black Chaff (Xanthomonas translucens [Jones et al.] Dowson) 


2. Spike loses normal shape either completely or partially. 


(1) Spike turns into black powder either completely or partially and 
when black powder is scattered, only spike axis remains--Loose Smut 
(Ustilago tritici [Pers.] Rostr.) 


(2) Awn on spike extends outward, glume splits open and entire kernel 
transforms into a ball of black powder having a strong, unpleasant 
smell--Stinking Smut (Tilletia caries [DC.] Tul.; Tilletia foetida [Walir. |] 
Liro) 





(3) Glume extends outward and kernel transforms into a dull brown gal.-- 
Nematode Disease (Auguina tritici [Steinb.] Filip. et Stekn.) 


(4) Individual spikelet transforms into a black horn-shaped thing--Ergot 
Claviceps purpurea [Fr.} Tul.) 


E. Seed 
1. Seed does not lose its original shape noticeably. 


(1) Embryo turns to brown or black in color--Root Rot (Cochliobolus 
sativus [Ito et Kurib.] Drechs.) 


(2) Lesions appear partielly and are dark brown at the edges and light 
colored in the center--Glume Blotch (Septoria nodonum Berk.) 


(3) Kernel becomes wrinkled and turns pale, and pink or purple-colored 
mildew appears--Red Mildew (Gibberella zeae [Schw.] Petch) 


2. Seed transforms into something nearly circular in shape. 

(1) Inside the seed there is black powder, which emits a strong, 
unpleasant smell--Stinking Smut (Tilletia caries [D.C.] Tul.; Tilletia 
foetida [Walir.] Liro) 


(2) Seed transforms into something resembling lint inside--Nematode 
Disease (Auguina tritici [Steinb.] Filip. et Stekn.) 


F. Whole Plant 
1. Entire plant is noticeably dwarfed or deformed. 


(1) Whole plant becomes stunted, with leaves turning red, and forms 
either no spikes or sterile snikes--Wheat Red Dwarf Virus [WRDV] 
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(2) Plant resembles sod grass, with stiff and rigid leaves, and tillers 
increase in number—Wheat Rosette Virus [WRV] 


(3) Entire plant is deformed, nodes on stem are bent and enlarged 
abnormally, and leaf blades are twisted-—-Nematode Disease (Auguina tritici 
{[Steinb.] Filip. et Stekn.) 


2. Diseased plant is shorter than healthy plant on the whole, but with 
no visible deformities. 


(1) Leaves turn yellow, earing is delayed, no ears are formed or ears 
are sandwiched between leaf sheaths--Barley Yellow Dwarf Virus [BYDV] 


(2) Leaf color is nearly normal, tillering increases, and awn on spike 
spreads outward--Stinking Smut (Tilletia caries [DC.] Tul.; Tilletia 
foetida [Wallr.]} Liro) 


Paddy Rice 
A. Young Seedling 
1. Discoloration only, no lesions. 


(1) Seed is covered with a downy coating; basal portion of stem turns 
brown; seedling finally withers and dies--Seedling Blight (Achlya sr., 


Pythium sp.) 


(2) Root turns black or drops off and withers—Physiological Seedling 
Rot 


2. Discoloration is accompanied by the appearance of lesions. 


(1) Leaves of young seedling are covered with shuttle-shaped lesions, 
which have reddish-brown edges and light-gray centers or are coated with 
bluish-gray mildew, and in severe cases, the whole leaf withers and dies-—~ 
Blast of Rice (Piricularia oryzae Cav.) 


(2) Leaves and leaf sheaths of the young seedling are covered with dull 
brown spots, which are elliptical or irregularly shaped, and with little 
mildew on the surface; in severe cases, the root turns black and the 


seedling withers and dies--Brown Spot Disease (Cochliobolus miyabeanus 
[Ito. et kuribayashi] Drechsler et Dastur) 


(3) Leaves of the young seedling are covered with dark brown spots, 
which are oval or oblong in shape and have light colored centers, but no 
mildewy substance on the surface--Bacterial Brown Spot (Pseudomonas 


oryzicola Klement) 
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3. Plamt clongates, with the stem and leaves growing excessively; the 
stem is slender and light yellow or yellowish-green in color—Bakanase 
Disease (Gibberells fujikuroi [Saw.] Wollenweber) 


B. Leaf 
1. Lesions are covered with mildewy substance. 


(1) Lesions are shuttle-shaped, with brown edges and light gray centers 
and very little grayish mildew substance--Blast of Rice (chronic type) 
Piri ia oryzae Cav.) 


(2) Lesions, ranging in size from a needle point to as large as green 
lentils, are elliptical in shape, with the big lesions somewhat pointed 

at both ends, and dull green in color, with grayish-green mildew develop- 
ing noticeably on the dorsal side--Blast of Rice (acute type) (Piriculsria 


oryzae Cav.) 


(3) Lesions are elliptical in shape and their color ranges from brown to 
light gray, but at the edges it is dark brown with a yellow halo; the 
lesions are as small as a sesame seed, with little mildew on the surface-- 


Brown Spot Disease (Cochliobolus miyabeanus (Ito. et kuribayashi] Drechsler 
et Dastur) 


(4) Lesions are characterized by shor: reddish-brown linear stripes or 
stripes with brown edges and light gray centers--Withering Leaves (brown 


stripe) (Sphaerulina oryzina Hara) 


(5S) Lesions are relatively big and characterized by oval shape or streaky 
appearance, with grayish-green or light brown centers, which eventually 
turn to light gray with dull green or dull brown margins--Sheath and Cula 


Blight (Pellicularia sasakii [Shirai] Ito.) 


2. Lesions are covered with no mildew. 


(1) Lesions are oblong or shuttle-shaped or arranged in long stripes, 
with dirty brown margins and light-colored centers--Bacterial Brown Spot 


(Pseudomonas oryzicola Klement) 


(2) Linear stripes first develop along the edges of leaf at or near the 
apex, then extend downward to form yellowish-brown or grayish lesions; a 
yellowish-white matter is excreted from diseased areas when humidity is 


high in the morning or evening--White Withering (Xanthomonas oryzae 
[Uyeda et Ishiyama] Dowson) 


(3) Flag leaf or two to three leaves at the top turn brown and stem 
becomes dwarfed and twisted during the panicle development stage--Root 


Lesion Nematode (Aphelenchoides hesseyi Christie) 
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(4) Yellowish streaks appear intermittently on standard leaf or on one 
or two leaves below it; with geng (keng) rice, the standard leaf often 
curls and droops--Rice Stripe Virus (RSV] 


C. Leaf Sheath and Stem 
l. Sclerotia are formed in diseased areas. 


(1) Lesions are relatively small, with small round or cylindrical dull 
brown sclerotia forming within leaf sheaths or stem--Brown Sclerotial 
Disease (Sclerotium oryzae-sativae Sawada) 


(2) Lesions are oval-shaped or streaky in appearance, relatively big 
with brown edges and light-colored centers, which turn grayish-green or 
light-brown; when it is humid, white lint-like milcewy patches develop 
and later transform into brown sclerotia--Rice Sheath and Culm Blight 
(Pellicularia sasakii [Shirai] Wei) 


2. No sclerotia are formed in diseased areas; lesions develop mostly on 
leaf sheaths (flag leaf sheaths in particular). 


(1) Lesions are relatively big and characterized by brown stripes with 
distinct dark brown edges and centers somewhat lighter in color; panicles 
wither and do not extend--Sheath Rot (Acorocylindrium oryzae Sawada) 


(2) Many stripes merge into a reddish-brown blighted area--Brown Stripe 
us Leaf Sheath 


3. Node and surrounding area are afflicted; disease is characterized by 
a depression in the node and growth of a black mildewy substance on it-- 
Rice Node-Blast (Piricularia oryzae Cav.) 


D. Panicle 


1. Light brown lesions with water-soaked dull-green edges are formed on 
the neck of the panicle or on small branches; with enlargement of lesions, 
the color changes into dark brown; infected parts either wither or break 
off--Rice Neck Blast (Piricularia oryzae Cav.) 


2. Lesions in the form of short reddish-brown linear stripes develop on 
the neck of the panicle or on small branches; afterward these stripes 
merge and turn grayish-brown, and infected parts either wither or break 
off--S3rown Stripe of the Neck of the Panicle 


rt. Seed 
l. Brown, oval-shaped spots with grayish centers containing a gray mil- 


dewy substance develop on glume, finally the hull turns a grayish white-- 
Rice Grain Blast (Piri a oryzae Cav.) 
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2. Black, irregular-shaped lesions are formed on glume, with a black 
mildewy substance developing at the seams, finally the hull turns a 
grayish white--Brown Spot (Cochliobolus miyabeanus [Ito et Kuribayashi] 
Dechsler et Dastur) 





3. A pink mildewy substance develops on glume and at the seams and 
black spots later appear on the surface--Red Mildew (Gibberella zeae 
[Schw.] Petch) 





4. Extremely minute, short, brown linear stripes develop on glume and 
pedicel of outer glume sometimes turns brown--Brown Stripe of Grain 


5. Dull brown spots develop on entire glume or a portion of it--Bacterial 
Brown Spot (Pseudomonas oryzicola Klement) 





F. Whole Plant 


l. Plant becomes elongated, slender and wellow; adventitious fibrous 
roots grow hanging downward from nodes on the stem and when it is humid, 
a pink mildewy substance often develops on nodes--Bakanae Disease 
(Gibberella fujikuroi [Saw.} Wollenweber) 





2. Plant becomes stunted. 
(1) Entire leaf undergoes a color change uniformly to dark green. 


(a) Yellowish linear spots are formed, arranged in rows on standard 
leaf or on one or two leaves below it and on leaf sheaths--Rice Dwarf 
Virus [RDV] 


(b) Entire plant changes to dark green in color; leaves become stiff and 
rigid; short linear protuberances sometimes develop on the dorsal of 
leaves and leaf sheaths, ranging in color from wax-white to da1k brown-- 
Rice Black-streaked Dwarf Virus [RBSDV] 


(2) Entire plant undergoes gradual color change to yellow. 


(a) Color changes from base to tip of leaf blade; in later stages entire 
plant changes to light yellow to bright yellow; no lesions are formed-- 
Rice Yellow Dwarf Virus [RYDV] 


(b) Beginning with standard leaf or one or two leaves below it, color 
changes from tip to base of leaf blade; in later stages leaf blade 
becomes dark yellow or wilted yellow and rolls up, but midrib or veins 
of standard leaf or the one or two leaves below it remain green--Rice 
Yellow Stunt Virus [RYSV]} 


(c) Reddish-brown spots develop on lower portion of leaf tip and spread 
gradually upward; entire le! turns rusty in color when the disease 
becomes severe--Physiological Seedling Atrophy 
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Corn 
A. Young Seedling 


1. Rhizome turns brown and withers--Seedling Wither (Red Mildew) 
(Gibberella zeae [Schw.] Petch) 





2. Seed decays or sprout turns brown and dies--Brown Rot 


B. Leaf Blade 
1. Lesions are covered with a mildewy or powdery substance. 


(1) Lesions are large, arranged in long rows or shaped like a spindle, 
with brown edges and darker-color centers, and covered with a black 
mildewy substance--Leaf Blight (Helminthosporium turcicum Pass.) 


(2) Lesiors are small, spindle- or oval-shaped, and yellowish-brown in 
color, with purplish-red edges and two or three layers of circular 
streaks inside--Leaf Spot (Helminthosporium maydis Nisikado et Miyake) 


2. Lesions are covered with black rough spots, spindle-like, oval or 
irregular in shape, and brown in color--Anthracnose 


3. Lesions in the shape of a wart develop in a string on both sides of 
leaf veins and midrib and sometimes disseminate a black powdery sub- 
stance--Corn Smut (Ustilago zeae [Beckm.] Unger) 


4. Diseased leaf is characterized by alternate yellow and green stripes-- 
Streak Mosaic 


C. Leaf Sheath and Stem 
l. Warts of varied sizes may develop on any part of the plant and when 


the white membrance covering them breaks, black powder is released--Corn 
Smut (Ustilago zeae [Beckm.] Unger) 





2. <A fiiamentous substance is often wedged in between leaf sheaths and 
stalk, which breaks easily; in later stages black spots develop on stalk-- 
Diplodia Dry Rot (Diplodia zeae [Schw.] Lev) 





D. Ear 


l. Ear remains whole. 


(1) Pustules develop on ear; in early stages they are covered with a 
white membrane; afterward, when the membrane ruptures, a powdery black 
spore mass is released--Corn Smut (Ustilago zeae [Beckm.] Unger) 














(2) Pink downy mildew develops from apex of ear; in later stages bract 
clings closely to ear, becomes brittle and breaks easily-—-Red Mildew 
(Gibberella zeae [Schw.] Petch) 





2. Ear deteriorates into a bag of black powder; in early stages it is 
covered with a pinkish membrane and when membrane ruptures, a powdery 
black spore mass is released, leaving behind some filamentous residue-- 
Head Smut (Sphacelotheca reliana [Kuhn] Clinton) 





E. Tassel 


l. Irregular pustules develop, either arranged in long rows or shaped 
like a horn; they are covered with a white membrane in the early stages 
and when membrane ruptures, a powdery black spore mass is released--Corn 
Smut (Ustilago zeae [Beckm.] Unger) 


2. Pustules which develop have a reddish membrane serving as a covering 
and when membrane ruptures, a powdery black spore mass is released, 
leaving behind some filamentous residue--Head Smut (Sphacelotheca reliana 
[Kuhn] Clinton) 





F. Seed 

l. Part of seed near the embryo turns brown and a pink mildewy sub- 
stance sometimes remains on the surface--Red Mildew (Gibberella zeae 
[Schw.] Petch) 


2. Diseased area turns brown and black spots develop on lower portion of 
seed--Diplodia Dry Rot (Diplodia zeae [Schw.] Lev.) 


3. A green or dark green mildewy substance develops on diseased area-- 
Brown Rot 

Gaoliang 

A. Young Seedling 


Following seedling emergence, purplish-red, irregular-shaped lesions 
develop on leaf sheaths and root cap--Anthracnose (Collectotrichum 
graminicolum [Ces.] Wils.) 


B. Leaf Blade 


1. Mildew develops on lesions. 


Lesions are big, developing along leaf veins, purple~-colored and spindle- 
shaped; later they turn grayish-brown inside and a black mildew appears-- 
Leaf Blight 
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2. Mildew rarely develops on lesions. 





(1) Lesions are dark purple in color and often merge or link up to 
present a streaky appearance, with centers turning a grayish-purple-~- 
Purple Leaf Ring 


(2) Lesions are circular or irregular in shape, light purple in color, 
with dark purple edges and circular streaks--Purple Leaf Spot (Cercospora 
sorghi Ell. et Ev.) 





3. Small black spots develop on lesions. 


Lesions are circular, oval or spindle-shaped, with purplish-red edges 
and deep yellowish-brown centers, and clusters of small black spots 
develop on both surfaces of lesions--Anthracnose (Collectotrichum 
graminicolum [Ces.] Wils.) 








4. Lesions develop along leaf veins, arranged in reddish-brown or 
reddish-purple brown long stripes, which may later merge into longer 

and wider stripes, turning the entire leaf reddish-brown and killing it-- 
Bacterial Stripe 


C. Head 


1. Entire head becomes a powdery black spore mass enclosed at the begin- 
ning in a white membrane, which releases black powdery spore mass when 
ruptured, leaving behind some filamentous substance--Head Smut 
(Sphacelotheca reiliana [Kuhn] Clint.) 





2. Panicle appears normal in shape, but all or part of the kernels on 
the smutted plant are affected. 


(1) Affected kernel is oval or cylindrical in shape and enclosed at the 
beginning in a white membrane, which ruptures easily, releasing a powdery 
black spore mass and leaving behind a slender, distinct central axis-- 
Loose Smut (Sphacelotheca Cruenta [Khn.] Potter) 





(2) Affected kernel is cylindrical in shape, two or three times bigger 
than a healthy kernel, and enclosed in a relatively tough membrane, 
which is not easily ruptured and contains a powdery black spore mass 
inside--Covered Kernel Smut (Sphacelotheca Sorghi [Link] Clint) 
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Cotton 
A. Young Seedling 
1. Lesions are formed on basal part of seedling sten. 


(1) Patches of spots develop on basal part of stem, turning from yellowish- 
brown to dark brown; affected area depresses and becomes slender; seedling 
wilts and bends over; seed leaf sometimes develops brown spots or becomes 
perforated with imperfect edges--Rhizoctonia Disease (Pellicularia 
filamentosa [Pat.] Rogers); Asexual period, (Rhizoctonia solani Kuhn) 





(2) Reddish-brown, spindle-shaped stripes develop on basal part of stem; 
affected area splits lengthwise and depresses somewhat; in severe cases, 
diseased stem turns black, seedling wilts and bends over, and grayish- 
brown semicircular spots develop on edges of seed leaf, which turn a ¢>2p 
reddish-brown--Cotton Anthracnose (Glomerella gossypii [South.] Edg.) 


(3) Yellowish-brown scars develop on basal part of stem and may spread, 
but affected area does not depress; in severe cases, seedling turns soft 
and bends over, and the seed leaf develops gray or grayish-red spots, 
which are nearly circular in shape and have brown edges, coated some- 
times with pink streaks--Red Rot (Fusarium spp.) 


2. No lesions are formed on basal part of seedling stem. 


(1) Semitransparent lesions, resembling oil stains, develop on leaves, 
turning it to dark brown; owing to confinement of leaf veins, lesions 
become angular in shape--Angular Leaf Spot (Xanthomonas malvacearum 

[E. F. Sm.] Dowson) 


(2) Grayish-brown spots, circular or nearly circular in shape, develop 
on seed leaf and these spots are covered with concentric annular streaks 
and dark-green mildew--Annular Streak (Alternaria macrospora Zim. ) 


(3) Grayish-green lesions, nearly circular or irregular in shape and 
resembling water stains, develop rapidly on seed leaf, giving one-half 
or entire leaf a water-soaked look; afterward seed leaf withers and 
turns black and drops off--Cotton Stem Blight (acute) 


(4) Lesions, nearly circular or irregular in shape, with yellowish- 
brown centers and purplish-red edges, and covered with concentric 
annular streaks and scattered small black spots, develop on surface of 
leaf--Cotton Stem Blight (chronic) 


(5) Irregular-shaped, yellowish-brown spots develop along edges of seed 
leaf; spots have purple edges, but no concentric annular streaks; black 
spots also appear on leaf when wet--Cercospora Leaf Spot 


513 














B. Leaf 
1. Lesions at first resemble water stains or oil stains. 


(1) Lesions are big in size, grayish-green in color and arranged mostly 
astraddle the main vein of the leaf; disease spreads rapidly, giving a 
water-soaked look and a grayish-green color to one-half or the entire 
leaf, which withers and drops off after sunning—-Cotton Stem Blight 
(acute) 


(2) Lesions are small and semitransparent, resembling oil stains at 
first, then turning dark-brown and becoming angular due to confinement 
of leaf veins; lesions also may develop along leaf veins, causing the 
veins to turn brown and the surrounding area yellow-—-—Angular Leaf Spot 
(Xanthomonas malvacearum [E. F. Sm.] Dowson) 





2. Lesions are nearly circular or irregular in shape with concentric 
annular streaks on top. 


(1) Lesions are nearly circular in shape, with purplish-red edges and 
brown centers; larger lesions often develop astraddle the main vein of 
leaf and their centers often dry up and wither, leaving holes behind; 

scattered black spots also develop on the surface of leaf--Cotton Stem 
Blight (chronic) 


(2) Lesions are nearly circular in shape and grayish-brown in color, 
with indistinct edges; generally they do not straddle the main vein of 
leaf; dark green mildew appears on leaf when wet--Annular Streak 
(Alternaria macrospora Zimn. ) 





3. Lesions have no concentric streaks. 


(1) Lesions are oval-shaped in the midsection of the leaf and wave-like 
along edges; generally they do not straddle the main vein; they have 
yellowish-brown centers and purplish-red edges--Cercospora Leaf Spot 


(2) Lesions are nearly circular in shape in the midsection of the leaf 
and semicircular along the edges; generally they do not straddle the 
main vein; they have dark brown centers and reddish-brown edges--Cotton 
Anthracnose (Glomerella gossypi [South.] Edg.) 





(3) Lesions are large and brown in color; a milk-white, sticky pus 
appears in lesions when wet--Angular Leaf Spot (Xanthomonas malvacearum 
[E. F. Sm.] Dowson) 


4. Entire leaf is affected. 


(1) Light-yellow or purplish-red, irregular-shaped patches of spots 
develop between leaf veins; afterward entire leaf turns yellowish-brown 
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except for area surrounding main vein; diseased leaves spread from below 
upward, wither and drop off—Cotton Verticillium Wilt (Verticillum albo- 
atrum Reinke et Berth.) 


(2) Diseased leaves crinkle and turn dark green; leaf veins first turn 
yellow and leaf blades then develop a yellow-cclored reticulate pattern 
and shed rapidly, this developing from top of plant downward-—Cotton 
Fusarium Wilt (Fusarium oxysporum f. vasinfectum [Atk.] Snyder et Hansen) 








(3) Disease mostly occurs during boll-forming stage; the affected leaves 
thicken and become brittle, their edges curling downward, then turn from 
dull green to yellow and purple, and shed--Red Withering Leaves (a 
physiological disease) 


C. Stem and Twigs 


| 


i. Vascular system in the roots is not affected. 


(1) Lesions appear mostly on basal part of petiole or near basal part 
ot stipule, are spindle-shaped and light brown to dark brown in color, 
are concave and split open in the center; short, brown linear streaks 
sometimes appear on xylem of diseased stem (but vascular system in the 
roots is not affected)--Cotton Stem Blight 


(2) Long, black cankers develop on twigs or stem; xylem of diseased 
stem is not affected--Angular Leaf Spot (Xanthomonas malvacearum [E. F. 
Sm.] Dowson) 


2. Vascular system in the roots and basal part of stem is affected (and 
streaks appear on xylem). 


(1) Yellowish-brown streaks can be seen when basal part of stem is 
dissected obliquely; affected plant does not wither--Cotton Verticillium 
Wilt (Verticillum albo-atrum Reinke et Berth.) 


(2) Dark brown streaks can be seen when basal part of stem is dissected 
obliquely; sometimes one side of stem appears healthy and the other side 
looks dried up; affected plant is deformed and stunted--Cotton Fusarium 
Wilt (Fusarium oxysorum f. vasinfectum [Atk.] Snyder et Hansen) 


D. Cotton Boll 
l. Lesions are formed. 


(1) Small, dark green and what look like oil-soaked spots are formed; 
these lat~’ ‘«cresse in size to become circular or irregular in shape, 
depress at. « brown; milk-white pus develops on the spots when the 
weather is humid—Angular Leaf Spot (Xanthomonas malvacearum [E. F. Sm. ] 
Dowson ) 
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(2) Small, dull red spots develop at first; these later form brown- 
colored depressions with purplish-red edges; a reddish-brown sticky 
substance develops when the weather is humid--Cotton Anthracnose 
(Glomerella gossypii [South.] Edg.) 


(3) Green-colored, water-soaked spots develop at first on basal part or 
apex of cotton boll; these later turn brown and spread rapidly to entire 
boll; the epicarp of boll turns into a shiny, dark-green layer; boll 
decays inside and a white (later turning light-yellow) downy coating 
develops unevenly on the outside--Cotton Boll Blight 


2. Indeterminate lesions. 


(1) Cotton boll turns brown at first, then becomes sooty; pericarp of 
boll hardens, but does not break apart, and develops countless small, 
black spots on the outside, and its fiber turns black--Black Rot 


(Diplodia gossypina Cooke) 


(2) Red mildew develops evenly on the surface of the pericarp of the 
boll and the seeds in each loculus of boll dry up and become hard. 


(a) Mildew is light rose-red in color and downy coating is thin and of 
a tight texture--Boll Rot (Fusarium spp.; Cephalothecium roseum Cda.) 


(b) Mildew is orange-red in color and downy coating is thick and of a 
loose texture--Red Powdery Mildew (Cephalothecium roseum Cda.) 

Soybean 

A. Young Seedling 

Growth is poor; rudimentary stem turns brown, becomes slender and weak, 
breaks apart at the surface, withers and dies; leaf blades are yellow 
and wilt--Rhizoctonia Root Rot 

B. Leaf Biade 

l. Spots are formed. 

(1) Downy mildew develops; yellowish-brown, angular stripes appear on 
upper surface of leaf and white downy mildew develops on underside-- 
Downy Mildew of Soybean (Peronospora manchurica [Naoum] Sydow) 

(2) Mildew develops. 


(a) Lesions are circular or irregular in shape, with dull brown edges 
and grayish-brown centers--Gray Speck Disease of Soybean 


516 





(b) Lesions are mostly angular in shape due to confinement by leaf veins, 
of different sizes, light brown in color tinged somewhat with purple, 
relatively concentrated on both sides of the midrib and other main veins 
of leaf--Purple Spot of Soybean (Cercospora kikuchii Matsum. et Tomoy.) 


(3) Small black spots are formed. 


(a) Lesions are circular in shape at first, enlarged later to become 
brown spots of irregular shape, with centers turning lighter in color and 
annular streaks appearing--Annular Streak of Soybean 


(b) Lesions are large in size, irregular in shape and light yellowish- 
brown in color, with dark brown edges; affected area is completely 
covered with small black spots--Septorial Brown Spot of Soybean 


(4) Neither black spots nor mildew are formed--Mostly bacterial diseases, 
such as bacterial leaf scorch, bacterial spot (Bacterium glycineum var. 
japonicum [Nak.] Elliot) and wildfire 


2. No spots are formed, but mottling of leaf has the appearance of a 
mosaic pattern; dark green stripes alternate with light green on affected 
leaf, which crinkles and is not smooth--Soybean Mosaic (Soja virus 1) 


Cc. Stem 


Light brown, water-stained spots first develop on basal part of stem; 
spots enlarge rapidly and lesions turn grayish-white; outer skin of stem 
breaks apart, revealing xylem; afterward white hyphae and black sclerotia 
develop inside as well as on the surface of stem--Sclerotinia Rot 
(Sclerotinia sclerotiorum de Bary) 





D. Pod 


1. Lesions are covered with black spots and circular in shape, with 
black brown edges and grayish-brown centers--Annular Streak of Soybean 


2. Lesions are coated with mildew. 


(1) Lesions are circular in shape, dull brown in color, with grayish- 
brown centers, and slightly recessed-~-Gray Speck Disease of Soybean 


(2) Lesions are irregular in shape and reddish-brown in color; purple 
spots appear on seed coat--Purple Spot of Soybean (Cercospora kikuchii 
Matsum. et Tomoy.) 


3. Pink powdery spore masses develop on lesions--Soybean Red Mildew 
(Fusarium sp.) 
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4. No black spots or mildew develop on lesions--Mostly bacterial dis- 


eases, such as bacterial blight of soybean (Bacterium glycineum var. 
japonicum [Nak.] Elliot) and bacterial leaf scorch 


E. Seed 

1. Spots or patches of spots are formed. 

(1) Lesions are circular or irregular in shape and grayish-brown in 
color, with brown edges and gray centers; they are slightly elevated-- 
Gray Speck Disease of Soybean 

(2) Lesions covered with purple streaks are formed on hilum or other 
parts of seed--Purple Spot of Soybean (Cercospora kikuchii Matsum. et 
Tomoy. ) 

2. Mildew is formed. 


Surface of seed is coated with white mildew--Downy Mildew of Soybean 
(Peronospora manchurica [Naoum] Sydow) 


F. Root 

1. Entire plant develops poorly, yellows and withers. 

(1) There are few tubercles on the roots, but numerous small, yellowish 
projections (female nematodes) of about 0.5 millimeter in size are 
attached to them--Yellow Wilt Nematode Disease 

(2) The central portion of the root axis is enlarged by wartlil:: growths 
on it--Root Knot Nematode Disease 

Sugar Beet 

A. Young Seedling 

1. Water-soaked lesions first develop on the young stem near the soil 
surface and later turn dark brown or black; affected area finally shrinks 
in size and gives symptoms of strangulation--Sugar Beet Rhizoctonia 


Disease 


2. Entire root system and lower axis of cotyledon turn black and decay-- 
Sugar Beet Blackleg 
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B. Leaf Blade 
l. Lesions are formed. 


(1) Lesions are small in size, circular or irregular in shape and 
purplish-brown in color, with reddish-brown edges; in later stages a 
grayish mildew appears in the center of the l2sions--Cercospora Leaf 
Spot of Beet 


(2) Lesions are large in size, circuler in shape, brown in color and 
have annular streaks, which are covere. completely with small black 
spots--Phoma Spot of Beet 


(3) Lesions are moderate in size, circular or angular in shape and 
light-yellow in color, with black-brown edges, giving appearance of 
water stains--Bacterial Spot of Sugar Beet 


2. White, powlery spore masses develop from petiole to the surfsce of 
leaf, arranged radially, and spread to the underside of leaf; deep 
yellow spots develop on these spere masses, later turning to dark brown-- 
Sugar Beet Powder Mildew 


3. Leaf color changes from golden yellow to orange yellow at the tip 
and spreads toward the base until entire leaf is affected, leaving only 
the leaf veins green to give the appearance of a mosaic pattern; leaf 
blade thickens and crumples easily when pressed with the fingers--Sugar 
Beet Fusarium Yellows 

C. Tuberous Root 


1. Lesions are black in color and streaky in appearance, slightly 
depressed and coated with black spots--Phoma Spot of Sugar Beet 


2. Tuberous root undergoes softening and gives the appearance of water 
stains inside; it turns slightly yellow and exudes a foul-smelling sap-- 
Soft Rot of Sugar Beet 

3. It becomes hollow inside--Sugar Beet Heart Rot (boron deficiency) 
Il. Index of Commonly Seen Insect Pests 

Wheat 

A. Young Seedling 

1. Underground part is damaged. 

(1) Root or basal part of stem is damaged, resulting in wilting of the 


seedling; damage is done by the larvae of creeping type of insects, whose 
bodies are long and slender, hard and shiny. 
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(a) Body of insect is flat and broad and yellowish-brown in color, and 
has 2 groove down the back; the last segment of its abdomen is dark 
brown, with its posterior cleaved and in each cleft there is a small 
projection on either side--Ditch Wirewora 


(b) Body of insect is long and slender, cylindrical in shape and light 
yellowish-brown in color, and has no groove down the back; the hind end 
of the abdomen is in the shape of a cone and near the base there is a 

brown rounc spot and four stripes on either side--Narrow-thorax Wirewors 


(2) Underground part is chewed to shreds by the insects, which also can 
bore into seeds or bite off small seedlings; burrows dug in the soil by 
the insects are often seen as mounds from the ground; their forelegs are 
so well-developed that they can act like shovels--Weevil 


(3) Underground part is bitten off by the insects, with the ends cut 
cleanly; the head of the insect is brown and the body is white, short 
and fat, wrinkled and often curled up in the shape of a "C"--Grub 


2. Parts above the ground are damaged. 


Leaves are bitten bit by bit, resulting in transparent spots or a whole 
line of holes being formed; the pest is a small, leaping beetle. 


(1) Insect is about 1 to 2 millimeters long; body is black, with a 
yellow, longitudinal stripe down the middle of each of its elytra-- 


Striped Jumping Beetle (Phyllotreta vitlata) 


(2) Body of insect is blue and shiny, with no yellow, longitudinal 
stripe on each of its elytra--Wheat Jumping Beetle 


B. Leaf Blade 


l. Harm is done by insects with chewing mouth-parts; leaves are chewed, 
resulting in incisions or holes being made. 


(1) Leaves are eaten, resulting in incisions being made. 


(a) In serious cases, the insects can eat all the leaves, leaving the 
stem completely without foliage; the larvae have two dark-brown stripes 
in the shape of the character “pa” [0360] on the head and four pairs of 
middle legs; there is in the center of the back a white longitudinal 
stripe and on each side a reddish-brown longitudinal stripe, and these 
stripes are inlaid with white longitudinal stripes at both the upper 
and lower ends; in fine weather or in broad daylight, the insects often 
hide themselves near wheat roots or in the soil; they have a tendency to 


pretend to be dead--Armyworm (Leucania separata Walk.) 
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(b) Im serious cases, the insects can est all the leaves, leaving behind 
only the main veins; the larvae have a broad thorax; the head is brownish- 
yellow and on ecch side there is a lateral eye, with a dark circle round 
it; the upper lip is unsymmetrical, with the left side thicker than the 
right side; there are seven pairs of middie legs and one pair of posterior 
legs; the body is yellowish-green; the insects have a tendency to pretend 
to be dead; mature larvae burrow into the soil end are metamorphosed 

into pupae--Wheat Leaf Bee 


(2) Leaves are eaten, resulting in holes cor a whole line of holes being 
made; the pest is «a small, leaping beetie, with no yellow, longitudinal 
stripe dow the middle of its elytra--Wheat Jumping Beetle 


2. Harm is dome by insects with sucking mouth-parts; there is no hole 
or incision on the leaf blade, but various discolored lesions are formed. 


(1) The body of the pest is 1.4 to 2.8 millimeters long and yellowish- 
green in color; there is a pair of abdominal ducts on the underside of 
the abdomen; the insects are either winged or wingless; they mostly feed 
in a swarm on the lower surface of a leaf blade, which turns yellow-—- 
Wheat Aphic 


(2) The pest is adapted for jumping; its body is sbout 9 millimeters 
long and light green in color; the top of the head is yellow, with two 


black markings--Green Leaf Jumping Cicada 


(3) The pest does damage by rolling up the leaves; irregular in shape, 
the nymph is red and the adult is black, with its body 1.5 to 2 milli- 
meters long; the wings of the adult are narrow and membranous and held 
erect over the body when at rest; the pest is quick in its movement-- 
Thrip 


(4) The pests are minute insects belonging to an order of Arachnida-- 
Wheat Spider Mite 


(a) The body is round and deep reddish-brown--Wheat Round Spider Mite 


(b) The body is gourdlike in shape and dark brown in color; both the 
fore pair and hind pair of legs are especially long--Wheat Long-legged 
Spider Mite 


C. Stem (and because of this white stem or white head may be formed) 


1. The pest does its damage inside the stem, causing seedling with a 
necrotic stem to be formed, but small, round holes bored by the insect 
can be seen on the outside of the stem; the larva is a white creeping 
insect, with a black head and three pairs of anterior legs--Wheat 
Jumping Beetle 
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2. The pest may chew through the main stem, causing white stem or white 
head to be formed, and the affected stem may be pulled up easily by hand; 
the body of the insect is light green; its young are in the form of 


maggots—-Wheat Stem Fly (Meromyza saltatrix Linn.) 


3. The pest eats the stem, forming grooves on it, and because cf this, 
the stem may break; the young of the insect are of the crawling type, 
with white body, yellow head and no legs, and curl up in the shape of 
an “S"--Wheat Stem Wasp (Cephus pygmaeus Linn.) 


D. Spike 
l. Insect pests do harm to spikelets. 


(1) The wormlike insect larvae conceal themselves in the glumes, moving 
about slowly or not at all; the affected kernels become dry and shriveled. 


(a) The larva is orange-red, with body 3 to 3.5 millimeters long-—-Red 
Sucking Fly (Wheat Midge) (Sitodiplosis mosellana Geliin) 


(b) The larva is yellow, with body 2 to 2.5 millimeters long--Wheat 
Yellow Midge (Contarinia tritici Kirby) 


2. The rec nymphs and black adult insects conceal themselves in the 
spikelets or boot leaves; the insect body is 1.5 to 2 millimeters long; 
wings of the adult are narrow, transparent and held erect over the body 
when at rest; its movement is swift; the affected spikelets and boot 
leaves become discolored and the kernels remain unfilled--Thrip 


3}. All insect pests with sucking mouth-parts described above as harmful 
to leaves may also cause damage to spikes by sucking the sap. 


Paddy Rice 
A. Young Seedling 


l. Insecc pests do damage to plumules and young roots, causing seedlings 
to float on the water. 


(1) The larva is blood-red, with its body measuring 12 to 18 millineters 
long and consisting of 12 segments; it often swims under water in the 
shape of an "S" and may bore into seeds that have not yet germinated-- 


Rice Midge (Chironomus oryzae Matsumara) 


(2) The pest is a larva which makes its tunnel home with mud or sand or 
grass roots; the body is 7 to 12 millimeters long; from its tunnel it 
often extends the front segments of its body and crawls out--Mud Cater- 
pillar (Stone Silkworm) 
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2. Damage is done to the leaves. 


(1) The insect pest stealthily eats up the mesophyll, leaving only the 
cuticle, thus forming white-colored tunnels inside the leaf; this 
tunneling is later extended to the entire leaf, caus‘1g it to wilt or 
rot; the pest hides its wormlike young inside the leaf--Rice Leaf Fly 


(2) The insect pest eats the leaf, forming white stripes on it; in 
serious cases, the entire leaf turns white; on the leaf blade tiny 
larvae with a small head, a dark-brown body and a tiny spot of mud on 
the back or small beetles (adult insects) with a yellowish-brown thorax 
and a bluish-black body can be seen--Rice Leaf Beetle (Lema oryzae Kuw. ) 


3. Damage is done to young seedlings and as a result leaves droop and 
stems wilt. 


(1) The insect pest chews off the basal portion of the standard leaf of 
a young seedling, causing the leaf to lose its moisture, roil up and wilt; 
there is no liquid worm cast in the leaf sheaths--Rice Paddy Borer 
(Tryporyza incertullus Walker) 





(2) The insect pest damages the seedling, causing its leaves to droop, 
leaf sheaths to lose their color and stem to wilt; there is liquid worm 
cast in the leaf sheaths; the larvae of the insect are light brown in 
color, with five brown longitudinal markings on the back--Rice Stem Borer 
(Chilo suppressalis Walker) 


B. Leaf 
1. The leaf does not roll up. 


(1) The insect pests damage the leaf, causing white streaks to form on 
it; in serious cases, the entire leaf turns white. 


(a) Small beetles with a yellowish-brown thorax and a bluish-black body 
infest the leaf--Rice Leaf Beetle (adult) (Lema oryzae Kuw.) 


(b) Tiny, dark-brown insects with a spot of mud on the back infest the 
leaf--Rice Leaf Beetle (larva) (Lema oryzae Kuw.) 


(2) The insect pests eat the leaf, causing incisions in it. 

(a) The larva of the insect pest has a dark-brown marking in the shape 
of "pa" [0360] on the head and several brown and white longitudinal 
stripes on the back; when infestations are serious, the larvae eat up 

all the leaves of a seedling—Armyworm (Leucania separata Walker) 

(b) When infestations are serious, the insect pests, after eating up the 
leaves of a seedling, still can bite off the panicle section and damage 
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the kernels; the insects belong to the grasshopper group and have a 
shiny, green or yellowish-green or yellowish-brown body, long fore wings 
and well-developed hind legs--Chinese Grasshopper (?0xya chinensis 
Thunberg) 





(3) The leaves are infested by small flying insects with sucking mouth- 
parts; the leaves affected are mostly on the lower part of the plant; 
they turn white at the tips at the beginning and later gradually turn 
yellow all over and wither. 


(a) The body of the adult insect is shaped like a shuttle, with a 
crescent-shaped ciban [0459 3940] on the inside of the terminal segment 
of each of its hind legs; the body of the nymph resembles that of a 
louse, with the hind end of its abdomen completely rounded-out-~—Rice 
Planthopper (Nilaparvata lugens Stal.) 





(b) Slightly bigger than a rice planthopper, it resembles a cicada in 
appearance, but smaller; there are no ciban cerci on the inside of the 
terminal segment of its hind legs; the nymph has an abdomen with a 
slightly pointed posterior end--Rice Leafhopper (Rice Leaf Jumping Insect) 
(Deltocephalus oryzae Mats.) 





2. The leaf curls up. 


(1) Small white spots appear on the tip of the leaf blade at the begii.- 
ning; then the entire leaf turns yellow and curls up longitudinally; on 

the surface of the leaf are minute insects, which are black, shiny and 
extremely active; the body of the insect is approximately 1.5 millimeters 
long; the wings are white and fringed with hair; the tenth segment of its 
abdomen is tubular; there are six )ong hairs at the posterior end and six 
short hairs between them--Rice Stem Thrip (iaplothrips aculeatus Fabricius) 


(2) The leaf curls up longitudinally and the insect larvae hide inside 
the rolled-up leaf, chewing up the mesophyll; the head of the insect is 
brown and its body is yellowish-green and covered with long hair; when 
the rolled-up leaf is open, the insect crawls backward rapidly and leaps 
into the water--Rice Leafroller (Cnaphalocrocis medinalis Guence) 


(3) One or several leaves curl up together to form a pod, their edges 
incised by the plant-eating insect, and the larvae of the insect hide 
inside; the head of the insect is black and the body green, with a thick 
abdomen--Rice Plant Skipper (Parnara gutteta Br.) 


C. Leaf Sheath, Stem and Panicle 
1. Small flying insects with sucking mouth-parts infest the leaf sheaths 


and the outside of the stem, causing discolored lesions to be formed and 
leaves to lose their color. 
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(1) Rice planthopper as described above. 
(2) Rice leafhopper as described above. 


(3) The insect pest is light-green, with two black markings on the top 
of its head, which is yellow; it crawls sideways and is adept in leaping-- 
Two-spot Leaf Cicada [possibly the same as Er dian ye chan; Cicadula 
faciifrons Stal. ]} 





2. The basal part of the stem is damaged and bears insect bite marks, 
resulting in semi-withered, dead or white panicles. 


(1) The sheaths of the flag leaf do not wilt or yellow and there is 
little worm waste or worm cast inside the stem when the skin is stripped 
off; fresh worm cast is dry and greenish-white in color, its particles 
relatively big; the insect pest is light~yellow or yellowish-white-- 
Rice Paddy Borer (Tryporyza incertullus Walker) 


(2) The leaf sheaths are wilted or worm-eaten and worm cast drips from 
the inside and outside of the stem; fresh worm cast is yellow and moist, 
its particles relatively fine; the insect pest is light-brown and its 
young has five brown longitudinal streaks down its back~-Rice Stem Borer 
(Chilo suppressalis Walker) 


(3) The affected panicles and stem become very soft and there are much 
worm waste and worm cast on the outside as well as the inside of the 
stem; fresh worm cast is yellowish-brown and watery; the larva is light- 
purple in color, with a relatively thick body--Yellow Rice Borer (Sesamia 
inferens Walker) 


3. The flowers of the panicle are damaged, resulting in the formation 
of half-filled grains. 


The insect is a minute, brownish-black, shiny pest, with whit. wings 
fringed with hair; the tenth segment of the abdomen is tubular and at 
the posterior end there are six long hairs and six short hairs between 
them--Rice Stem Thrip (Haplothrips aculeatus Fabricius) 


Dry-land Crops (Corn, Gaoliang, Etc.) 

A. Young Seedling 

1. Underground parts are damaged. 

(1) The fibrous roots and tillering nodes of the young seedlings or the 
seeds just sown are damaged, with the result that the seedlings wilt or 
poor stands are formed because of missing plants, but there is no 


seedling-breaking or lodging; the damage is caused by crawling larvae, 
whose bodies are long and clender, hard and firm, and shiny. 
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(a) The body of the insect is flat and broad, yellowish-brown in color, 
and has a groove down the back; the posterior end of the abdomen is 
cleaved and at the lower part of each cleft there is a tooth projection 
on either side; the pest is usually found in dry, well-loosened soil-- 
Ditch Golden-needle Worm 


(b) The body of the insect is long and slender and golden in color; the 
posterior end of the abdomen is cleaved and each cleft is again divided 
into two--Gray Wireworm 


(c) The body of the insect is long and slender and cylindrical in shape, 
with no groove down the middle of the back; the posterior end of the 
abdomen is shaped like a cone; the pest is usually found in low-lying, 
damp places--Narrow-thorax Wireworm 


(2) Young seedlings are harmed, they wilt and die; breaking and lodging 
of seedlings also occur; the pest is usually found in low-lying, damp 
places. 


(a) The insect larvae cause the harm, often biting off seedlings at 
spots close to the ground; the insect's body is grayish-black or dark- 
brown, with its rough cuticle covered with lumps of varying sizes, and 
approximately 50 millimeters long; in broad daylight it lies hidden in 
the soil; at night it emerges to do harm and when it runs into an 
external enemy, it may curl up its body and pretend to be dead; it 
mainly causes harm to corn and gaoliang--Black Cutworm (Agrotis ypsilon 
Rott.) 


(b) The insect larvae are found in the soil; their body is white, fat, 
thick, and wrinkled, and often curves in the shape of a "C"; the body of 
a mature larva is 30 millimeters long--Grub 


2. Grains, young seedlings and nodes on the stems are harmed and bear 
numerous wormholes; the insect larvae cause the harm; their head is 
reddish-brown or dark-brown and the body is yellowish-white; on the back 
there are five purplish-brown longitudinal streaks, of which the one in 
the middle is somewhat finer; the body of a mature larva is approximately 
15 millimeters long--Chestnut Gray Borer (Chilo infuscatellus Snell.) 


B. Leaf Blade 

1. Harm is caused by insect pests with chewing mouth-parts. 

(1) The leaf is eaten so that incisions are formed. 

(a) The insect larva has a dark-brown marking in the shape of the charac- 
x “pa” on the head, four pairs of posterior legs, and brown and white 


longitudinal streaks on the back; in fine weather it lies concealed in 
the soil, and on a cloudy day and at night it emerges to do harm; when 
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disturbed, it curls up the body and drops to the ground, pretending to 
be dead--Armyworm (Leucania separata Walk.) 





(b) The pest is a brown-colored insect belonging to the locust group-- 
Chinese Locust (Acrida chinesis Wostw.) 





(2) The leaf is eaten so that holes are formed in a horizontal line; 

the insect larvae cause the harm; they undergo a change in color end- 
lessly, from grayish-yellow to grayish-brown to light-red, and so forth; 
there are three dull-brown longitudinal markings on the back of their 
body; before the third year of their life, they swarm within the standard 
leaf and from the fourth year onward, they disperse and begin attacking 
the stem--European Corn Borer (Ostrinia nubilalis Huebner) 


(3) When the affected standard leaf is pulled out, it reveals semi- 
transparent lesions, but no rows of holes; causing the harm are the 
insect larvae, which are yellowish-brown or light-yellow in color, with 
four light-purple longitudinal markings on the back; in the sumz.; there 
appear on the back of each segment of the abdomen four brown spots, 
arranged in a square--Gaoliang Striped Borer (Proceras venosatus Walk.) 


2. Harm is caused by insects with sucking mouth-parts. 


(1) The leaf is eaten so that white spots or linear spots are formed; 

the pest is adept in flying; the body is 9 millimeters long and light- 

green in color; the top of the head is yellow, with two black markings; 
the insect moves sideways--Green Leaf Jumping Cicada 


(2) The insect pests often swarm on the underside of gaoliang leaves, 
which are eaten so that they turn red; when feeding, they discharge a 
sweet fluid; the pests are winged or wingless aphids, most of which are 
light-yellow in color, some purple--Gaoliang Aphid (Aphis sacchari 
Zehntner) 


C. Stalk and Spike or Ear 


1. The stalks of corn or gaoliang are eaten, with wormholes and worm 
cast very much in evidence; the tassels are chewed off, while the 
pistils are eaten so that grains are missing; the pests injure the 
grains by eating into the basal part of the stalk; causing the harm are 
the insect larvae, whose body varies in color from grayish-yellow to 
grayish-brown to light-red, with three dull-brown longitudinal markings 
on the back--European Corn Borer (Ostrinia nubilalis Huebner) 


2. The stalks of corn or gaoliang are eaten in a way similar to that by 
corn borers; causing the harm are the insect larvae, whose body is light- 
yellow, with four light-purple longitudinal markings on the back; in the 
summer there appre ir on the back of each segment of the abdomen four brown 
spots, arranged in a square~-Caoliang Striped Borer (Proceras venosa 
Walk.) 
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3. The insect larvae cause harm by eating the stalks of millet in such 
a way that wormholes can be seen, but not worm cast; when infestations 
are serious, white head may result; the body of the larva is yellowish- 
white and about 16 millimeters long, with five purplish-brown longitudi- 
nal stripes on the back, of which the one in the middle is finer; the 
head is either reddish-brown or dark-brown--Chestnut Gray Borer (Chilo 
infuscatelius Snell.) 





Cotton 
A. Young Seedling 


1. Insects with chewing mouth-parts cause harm in the form of mechanical 
injury. 


(1) Leaves are eaten so that small holes or incisions are formed, and 
the tops or the seedlings are eaten so that lodging occurs. 


(a) The insect larvae cause the harm; their body is grayish-black or 
dark-brown, with its rough cuticle covered with lumps of varying sizes; 
when disturbed, they immediately curl up their body and pretend to be 
dead; in broad daylight they lie concealed in the soil and at night 
they emerge to do harm--Black Cutworm (Agrotis ypsilon Rott.) 


(b) The insect pest spins silk to bind the cotyledon, causing it to 
curl, and makes holes in it so that true leaves cannot be put out; it 
also can bite off the tender head of the seedling; causing the harm is 
the larva, with a pale-green body covered with stiff hair--Little Cotton 
Leaf-roller [Small pyralidid moth] 


(2) After being eaten into by the worms, the sown cottonseed rots or 

the cotyledon wilts; the pest is a milky-white maggot, with the posterior 
end of its abdomen appearing as if it had been cut off and protruding a 
little--Cottonseed Maggot (Hylemyia platura Meig.) 


2. Insects with sucking mouth-parts inflict harm on the leaves, causing 
them to »ellow and curl up or destroying the growing buds so that the 
cotton plant develops abnormally. 


(1) When the cotton leaf is affected, small shiny, silver-gray spots 
appear on the lower surface along the leaf veins; when infestations are 
serious, the leaves become thick and hard, dry out and drop off, with 
only the two cotyledons remaining on the plant; the body of the pest is 
minute and yellowish-brown in color; the wings are long, narrow and 
fringed with fine, long hair; the abdominal eyes are purplish-red; when 
at rest, the wings are held vertically over the body; in broad daylight 
the insect does harm on the underside of the leaf--Cotton Thrip (Thrips 
Tabaci Lind.) 
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(2) The leaves wrinkle and curl downward, the young seedling closes 

up tight as a clenched fist, and growth comes to a standstill; the insect 
pests are yellowish-green (or pale-green or blue-black) in color and are 
either winged or wingless; they have a horn-shaped tube on the posterior 
end of the abdomen; mostly, they gather in a swarm on the lower surface 
of the leaves or on the tender stems--Cotton Aphid (Aphis gossypii Glov.) 


(3) When the cotton seedling is affected, its growth bud turns black 

and only two fat, thick cotyledons remain; when cotton leaves are affected, 
black spots appear and malformation develops, giving rise to “decayed leaf 
paralysis"; both adults and nymphs of the pest are harmful; the body of 

the insect is pale-green or yellowish-brown and covered with white- 
colored, fine hair; its capability to fly is not strong; in broad day- 
light the pests mostly rest among weeds; before dusk they become active, 
gathering in droves round tender shoots and the tips of young tender 

leaves to do harm--Blind Cotton Bug 


B. Leaf 


l. Insects with chewing mouth-parts cause harm by making holes and 
incisions on leaf blades. 


(1) The leaf blade does not curl. 


(a) The injurious insect is the larva, which is dark gray-green or 
greenish-yellow and has only three pairs of posterior legs; when moving 
forward, it curves its body in the form of an arch-bridge; in broad day- 
light it mostly lies concealed on the underside of a leaf blade in the 
middle or lower part of the cotton plant; when disturbed, it immediately 
jerks and drops down dangling from the leaf--Small Cotton Looper (Anomis 
flava Fabr.) 


(b) Newly hatched larvae gather in a swarm on the underside of a leaf 
to eat the mesophyll, forming patches of transparent spots on che leaf 
that seem like the meshes of a sieve; they scatter upon reaching the 
third year of their life to eat the leaves, forming incisions on them; 
the body of a mature larva is about 50 millimeters long and yellowish- 
brown in color, but yellowish-white on the abdomen, with a pale-yellow 
line down the back and two dark-brown spots on each segment of the body; 
the larva lies concealed in a shady place, such as the underside of a 
leaf, in broad daylight and emerges at night to do harm; it has a ten- 
dency to pretend to be dead--Diagonally-striped Noctuid Moth (Prodenia 
litura Fabr.) 


(2) The leaf is torn apart and curls up. 


(a) The insect larva is light-green in color, with the back tinged 

with powder-white; the body is rather thick in the middle and tapered 

at the ends, and all segments are covered sparsely with stinging hairs-- 
Little Cotton Leaf-roller (Small pyralidid moth] 
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(b) The larva is azure-blue, with its head brown; the body is long and 
slender, and its segments are covered with stiff hair; it turns pink 
just before it pupates~—Large Cotton Leaf-roller [Large pyralidid moth] 


2. Insects with sucking mouth-parts cause harm by making leaf blades 
turn yellow and roll up. 


(1) The cotton leaves wrinkle and curl downward, and growth of the plant 
is impeded; the insect pests are yellowish-green (or pale-green or blue- 
black) and either winged or wingless, and have a horn-shaped tube down 
the back of the abdomen; they mostly infest the tender head and young 
leaves of the cotton plant, as well as the underside of the bracts-- 


Cotton Aphid (Aphis gossypii Glov.) 


(2) The insect pest actually lives on the underside of a leaf and can 

spin a web; the affected leaf becomes yellowish-white, shows red spots, 

or even turns brown and falls off; the tiny insect resembles a spider 

and is either red or rusty-red in color, with two dark-red markings on 

the back--Cotton [Red or] Two-spotted Spider Mite (Tetranychus telarius L.) 


(3) The affected leaves show black spots, then become deformed, giving 
rise to "decayed leaf paralysis" that turns the plant into a “broom- 
shaped seedling"; both adults and nymphs of the pest cause the harm; the 
insect body is either pale-green or yellowish-brown and 5 to 7 milli- 
meters long; their capability to fly is not strong; mostly, they rest 

in broad daylight on that part of the cotton plant where leaves are 
dense and begin before dusk their activity of injuring the tender head 
and young leaves of the plant--Blind Cotton Bug 


(4) The affected cotton leaf turns yellow, then red, at the tip and 
along the edges, and gradually toward the center until the whole leaf 
becomes red; both adults and nymphs of the pest cause the harm; 
resembling a cicada, the insect body is about 3 millimeters long and 
pale yellowish-green in color; the pest feeds mostly on the underside 
of a leaf by sucking the sap; when disturbed, it moves away sideways; 
the adult insect flies away when it is greatly disturbed; it is active 
in fine veather or when the temperature is high--Cotton Leafhopper 
(Chlorita biguttula Ishida) 





C. Cotton Square, Boll, Etc. 


1. Insects bore round holes in cotton squares and bolls and crawl inside 
to do harm. 


(1) Holes are bored at the lower part of the cotton squares and bolls, 
and these holes are large; the seeds of the young bolls are eaten up and 
the bolls fall off; on the larger bolls, particles of insect excretion 
are left outside the wormholes, causing “petals to stiffen and fruits to 
rot"; the insect larva, originally light-green, undergoes many changes in 
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color; the body of a mature larva is 30 to 40 millimeters long and 
covered with a lot of stiff hair--Cotton Bollworm (Heliothis armigera 
Huebn. ) 


(2) The wormholes are as minute as needle points and most of them are 
to be found at the top of the cotton squares and bolls; they are brown 
in color; on the interior walls of the bolls are insect tunnels or bulges, 
but on the outside of the squares and bolls there is no trace of insect 
excretion; the body of a mature larva is 11 to 13 millimeters long; the 
head is brownish-black and the hard skin on the back of the terminal 
segment of the prothorax is dark-brown, while all the other segments are 
glossy-red; there are four light-black ha‘ry lumps on the back of each 
segment and one on each side, and encircl!1g each of these hairy lumps 
is a distinct red ring--Cotton Pink Bollwo1. (Platyedra gossypiella 
Saund. ) 


(3) The wormholes are less than 3 millimeters in diameter and on the 
outside of these holes there is some thin insect excretion; inside the 
bolls, the fiber and seeds become dried up and h:rdened; the insect 

larva is pale grayish-green and each segment of ti.» body is covered with 
Spines arranged in a horizontal row, of which the tro in the center are 
bigger than the others (this insect pest may also ea™ the tender stem 

and young shoot)--Diamond Borer [or Cotton Green Moth’ (Earias cupreoviridis 
Walk.) 


(4) The insect larvae eat the squares or simply devour the immature bolls; 
mostly, they bore into the bolls at the basal part, making large holes and 
excreting a good deal of waste matter; the insect body is approximately 

50 millimeters long and yellowish-brown in color; the abdomen is yellowish- 
white, however, with a light-yellow line down the back; there are two 
dark-brown markings on each segment of the body; the pests lie hidden in 
shady places, such as the underside of leaves, in broad daylight and 

emerge at night to do harm; they have a tendency to pretend to be dead-- 
Diagonally Striped Noctuid Moth [or Armyworm] (Prodenia litura Fabr.) 


2. Insects do not bore into cotton bolls; the mature larvae simply eat 
the squares and the bracts of tender bolls, causing them to shed or rot. 


(1) The insect larva is either dark grayish-green or greenish-yellow 
and has three pairs of posterior legs; when moving forward, it curves 
its body in the form of an arch-bridge; in broad daylight it lies con- 
cealed on the underside of a leaf at the middle or lower part of the 
cotton plant; when disturbed, it immediately jerks and drops down 
dangling from the leaf--Small Cotton Looper (Anomis flava Fabr.) 


(2) The insect larva is light-green, with its back tinged with powder- 
white; the body is rather thick in the middle and tapered at the ends, 
and all segments are covered sparsely with stinging hairs--Little Cotton 
Leaf-roller [Small pyralidid moth) 
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Soybeans 
A. Young Seedling 


1. Insects with chewing mouth-parts cause harm in the form of mechanical 
injury. 


(1) The roots on the basal part of the stem are injured or bitten off 
and the gashes are even; the body of the insect pest is white, fat and 
thick, wrirkled, and often curves in the shape of a "C"--Grub 


(2) Stem is bitten off at places near the ground or higher ur: *e body 
of the insect larva is either grayish-black or dark brown, wii. its 
rough outer skin covered all over with lumps of varying sizes; it hides 
in the soil in the daytime and emerges at night to do harm; it has a 
tendency to pretend to be dead--Black Cutworm (Agrotis ypsilon Rott.) 


(3) Leaves are eaten full of holes; the pest is a small beetle capable 
of jumping; the body is about 1 to 2 millimeters iong, with a yellow 
longitudinal marking in the center of each of its fore pair of wings-- 
Yellow-striped Jumping Beetle 


2. Insects with sucking mouth-parts do the harm, causing leaves to 
yellow or curl and stunt growth. 


(1) Leaves are injured so that they show yellow spots; the pest is a 
minute and active insect, with a body about 2 millimeters long and either 
winged or wingless; wings, if present, are fringed with hair and held over 
the back of the abdomen when the insect is at rest--Soybean Thrip 


(2) When infestations are severe, leaves curl and are stunted in growth; 
the body of the pest is 1.5 millimeters long and yellowish-green in 
color, the head is black and its compound eyes are deep red, and it is 
either winged or wingless; mostly, they infest the underside of soybean 
leaves--Soybean Aphid (Aphis glycina Mats.) 


B. Leaf Blade 


l. Insects with chewing mouth-parts do harm in the form of mechanical 
injury. 


(1) The body of the mature larva is 20 to 30 millimeters long and the 

head is black with white spots; there is a black line down the back of 

the body; the abdomen is yellowish-green and on each segment there are 

two pairs of wartlike growths, one pair on each side of the back line-- 
Grass Moth 


(2) The body of the mature larva is about 40 millimeters long; the 
head is light yellowish-brown, the body is azure blue and covered 
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with spines, and the legs are black--Alfalfa [or Clover] Noctuid Moth 
(Heliothis dipsacea L.) 





(3) The head of the insect larva is dark brown and the body is black; 
on each segment of the body there are warts, covered with long hair, 
and in particular the hair is the longest on the prothorax and on the 
side of the terminal side of the abdomen--Bean Poisonous Moth 


(4) The pest is a beetle of the order Coleoptera; the body of the adult 
insect is black and the abdomen is gray; the wings are light gray at the 
fringes and there is a light gray longitudinal line at the center of 
each elytron; this insect also causes damage to the tender stem of a 
bean plant, thereby affecting its flowering--Douwujing 


2. Insects with sucking mouth-parts do harm, causing leaves to yellow 
or curl and stunt growth. 


(1) The body of the insect pests is either red or orange in color. 


(a) The pest is minute and active, with a body about 2 millimeters long, 
and is either winged or wingless; wings, if present, are fringed with 
hair--Soybean Thrip 


(b) The pest is a kind of oval-shaped spider mite with four pairs of 
legs; it is slow in movement and very inactive; they infest the under- 
side of leaves and cause injury by sucking their juice--Cotton Two-spotted 


[or Soybean Red] Spider Mite (Tetranychus telarius L.) 


(2) The body of the insect pest is minute and yellowish-green in color, 
the head is black, its compound eyes are deep red, and it is either 
winged or wingless; mostly, they infest the under.ide of soybean leaves-- 
Soybean Aphid (Aphis glycines Mats.) 


C. Pod and Beans 
Insect larvae bore into the pod to feed on the beans. 


(1) The body of the larva is 8 to 9 millimeters long; at first, the 
larva appears milk-white in color and when it matures, it turns bright 
red, with the head dark brown; three to five segments of the abdomen 
are fat and thick and it tapers off somewhat toward the head and tail-- 
Soybean Borer 


(2) The body of the mature larva is about 16 millimeters long, with 
its back purplish-red in color and the abdomen green--Soybean Pod [or 


Pea-pod) Borer (Etiella zinckenells Tr.) 
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Sugar Beet 
A. Parts Above Ground 


1. Young seedlings are bitten off at places near the ground and fall 
over. The pest is an insect larva of the vermicuiar type. It lies 
hidden in the soil in broad daylight and emerges at night to do damage; 
when confronted with an external enemy, it quickly curls up and pretends 
to be dead. 


(1) The insect body is grayish-brown or dark brown in color, with its 
rough outer skin covered all over with lumps of varying sizes; on the 
back of the last segment of the abdomen there are two black streaks-- 
Black Cutworm rotis ypsilon Rott.) 


(2) The insect body is dark brown, with a wrinkled outer skin; there 
are no black streaks on the back of the last segment of the abdomen-- 


Large Cutworm (Agrotis tokionis Butl.) 


(3) The insect body is yellow and relatively long and slender; on the 
back of the last segment of the abdomen there is a pair of lines formed 
by inconspicuous dots--Yellow Cutworm (Euxoa segetum Schiff.) 


2. Young seedlings or their leaves are eaten, even entirely in the 
worst cases; the pest is the adult of a coleopterous insect. 


(1) The head of the pest is long and narrow, with a protruding mouth; 
the body is grayish-blac:: or black; the insect can fly and has handle- 
like antennae; it has a tendency to pretend to be dead--Common Beet 


Weevil (Bathynoderus punctiventris Germ.) 
(2) The head of the pest does not have a protruding mouth. 


(a) Leaf blades are eaten gradually until they are completely gone; the 
pest is a small beetle which is capable of leaping. 


(i) The body of the pest is 1 to 2 millimeters long and black all over, 
with a yellow longitudinal stripe at the center of each of its elytra-- 


Yellow-striped Jumping Beetle (Phyllotreta vittata Fabricius) 


(ii) The body of the pest is shiny and blue all over, with no yellow 
longitudinal stripes on its elytra--Wheat Jumping Beetle 


(b) The growth buds of leaves as well as the entire tender stem are 
eaten completely so that the plant withers; the pest is a dark brown 
beetle that crawls, as its capability to fly is not strong; its body 
is 7.5 millimeters long and is thickly covered with tufts of dark gray 
hair; it has lamellated antennae and tends to pretend to be dead when 
disturbed--Black-tufted Scarabaeid Beetle (Serica orientalis Motsch) 
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3. Leaf biades are eaten, either completely or incisively; the pest is 
an insect larva of the vermicular type. 


(1) Newly hatched larvae infest the underside of leaves to feed on the 
mesophyll; after the third year of their life, they disperse to eat the 
leaves until the leaves become ragged; the body of the mature larva is 
about 50 millimeters long and yellowish-brown in color; the abdomen is 
yellowich-white, with a light yellow line down the back; there are two 
dark brown spots on each segment of the body; the insect lies concealed 
in broad daylight and emerges at night to do harm; it has a tendency to 
pretend to be dead--Tobacco Cutworm (Prodenia litura Fabr.) 


(2) Wewly hatched larvae converge in the vicinity of a cluster of 
insect eggs and when disturbed, even slightly, they will spin a silky 
substance and drop down, trying to move away; the body of the mature 
larva is as long as 40 millimeters; when infestations are severe, leavs 
are eaten completely so that only leaf veins remain; in the worst cases, 
even root caps are bitten to pieces; at different phases of its i.fie, 
the body of the larva undergoes several changes in color, from pale 
green to grayish-green to greenish-brown; the head is yellowish-brown; 
most of the larvae have two brown markings forming an inverted “pa” 
[0360] on every segment above the subdorsal line of the abdomen; o 

each side of the body, near the breathing holes, there is a brown 
diagonal stripe which forms a regular “pa” with the diagonal stripe on 


the back--Cabbage Armyworm (Baratha brassice L.) 
B. Root 


l. The body of the mature larva is about 30 millimeters long, the head 
is yellowish-brown, and the thorax and abdomen are both milk-white; the 
body is stodgy and full of wrinkles, and is often bent in the shape of a 
"C"--Grub 


2. The body of the larva is 6 to 8 millimeters long; it is stout in the 
middle and tapers off at both ends; the back is crooked and full of 


wrinkles--Common Beet Weevil (larva) (Bathynoderus punctiventris Gers. ) 


3. The larva is minute, with a long and slender body, which is either 
white or yellowish-white, a black head and three pairs of anterior legs; 
when it inflicts harm, it first attacks a lateral root and eats its way 
gradually toward the main root--Wheat Jumping Beetle 


Explanations: 


l. A total of 84 diseases and 62 insect pests of seven staple crops are 
listed in the above preliminary draft of Index of Plant Diseases and 
Insect Pests. Although some of the plant diseases and insect pests are 
not commonly seen, they are included nevertheless, so as to distinguish 
them from certain commonly seen plant diseases and insect pests. 
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2. In order *o make it easier to use, the index is divided first into 

two secticas according to plant diseases and insect pests, then accord- 
ing to th. various crops affected by them, and finally according to the 
parts of the crops affected, the prominent characteristics of the injury 
and the corphological characteristics and characteristic classification 
of the insect pests. When using this index, this order may be followed. 


3. There are many kinds of plant diseases and insect pests. Under 
different conditions, the characteristics of the injury done to crops 
may not be entirely the same. In usin; the index, identiiication of 
plant diseases and insect pests may also be made in conjunction with 
consulting such materials on the subjects contained in the tables and 
illustrations. 


Chief Plant Diseases of Crops, Their Treatment and Control 
I. Blast of Rice 


Law of Disease Development: Rice blast may affect paddy crops from the 
seedling stage to the heacing stage. Most harmful to paddy rice are the 
rice seedling blast, rice leaf blast and rice neck blast. The organisms 
causing the disease hibernate in rice seeds acd rice straw in the form 
of mycelia and conidia. After the spores of these organisms are dis- 
seminated by wind and rain to such parts of the rice plant as leaves, 
panicles and nodes, they will germinate and attack those parts when the 
air temperature and relative humidity are suitable. Generally, with a 
temperature of between 20° and 28°C, it takes only 6 to 8 hours for the 
spores to cause damage. Four or 5 days later, pustules will appear on 
the affected parts and on these pustules many conidia will be produced 
and disseminated to infect other parts of the plant. By and large, 

when the air temperature is between 24° and 28°C and the relative 
humidity is 90 percent, it is easiest for the disease to develop. Over- 
irrigation or excessive application of nitrogen fertilizer will aggravate 
the development of the disease as well as the damage it causes. 


Methods of Treatment and Control: 

(1) Select high-yielding, disease-resistant varieties. 

(2) Rational application of fertilizer: Apply an adequate base manure, 
apply more organic fertilizer, and apply phosphatic fertilizer in coor- 


dination with potash ‘ertilizer. 


(3) Proper irrigation: Do well the work of shallow irrigation on a 
regular basis and drying the field in the sun at appropriate times. 


(4) Disposition of diseased grain and straw: Diseased straw should not 
be used to cover seeds being forced to germinate, tie up bundles of rice 
seedlings or plug up places in a ditch where water is discharged. 
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Diseased grain must not be used as seed. Chaff should be burned. If 
straw is to be made into compost, the method of decomposing at high 
temperatures should be practiced. If the temperature of fermentation 
in the compost pit is maintained at between 52° and 56°C, the disease 
organisms may all die after 10 days. 


(S) Seed disinfection: Use al percent lime solution (to 1 catty of 
quick lime add 100 catties of water) to soak the seeds of early cropping 
rice (air temperature 10” to 15°C) for 6 days, seeds of intermediate rice 
(air temperature 15° to 20°C) for 4 days, and seeds of late-maturing rice 
(air temperature 20° to 25°C) for 2 or 3 days. Or use a 1 to 50 parts 
solution of formaldehyde to soak seeds for 3 hours. After seeds are 

thus treated, they should be rinsed with clear water before being soaked 
again to hasten e«rmination. Furthermore, a 1 to 1,000 parts solution 
of the antibiotic substance "401" may be used to soak seeds for 24 hours. 


(6) Use a 1 to 500 or 600 parts solution of 50 percent Kitazin [4470 
4054 0403] emulsion (to which a 0.1 percent soap powder or neutral soap 
may be added to increase dispersivity) for spraying at the rate of 100 

to 120 catties per mou to control rice seedling blast, 120 to 150 catties 
per mou to control rice leaf blast, and 150 to 200 catties per mou to 
control rice neck blast. 


(7) Use a solution of 40 units of Spring Thunder [Chunlei] Mycin, with 
O.1 percent laundry soap powder added, as a spray and apply at the rate 
of 100 to 200 catties per mou. 


Il. Rice White Withering 


Law of Disease Development: Rice white withering is a bacterial disease. 
It may occur during every growth period of paddy rice, but infection is 
easiest during the panicle forming stage and when this occurs it will 
affect yield the most. The disease causing organisms hibernate mainly 
in infected grain and straw. (In Guangdong Province, they pass the 
winter in Lishi grass, also known as nomadic grass and r generation 
rice.) The overwintering organisms will be the source of primary infec- 
tion of rice seedlings in the following year. The disease will develop 
early and quickly, and injury will be serious, when the air temperature 
is between 25° and 30°C, the relative humidity is above 85 percent, or 
there are upward of 15 days of wet weather in a month, and in particular, 
when there are typhoons or floods. But if the summer is hot and dry (the 
air temperature is above 33°C and there are fewer than 10 rainy days in 
a month), the initial attack will be mild and the disease will either 
develop slowly or appear to be at a standstill. 


Methods of Treatment and Control: 


(1) Dispose of grain and straw in fields in which the disease occurs 
(basically the same as in an attack of blast of rice). 
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(2) Shallow irrigation on a frequent basis and drying of the field in 
the sun at appropriate times. 


(3) Use a solution of 0.5 to 1 percent lime in soaking the seeds. The 
method is the same as in an attack of blast of rice. 


(4) Detect and control centers where disease occurs. Use as a spray a 
1 to 1,000 parts solution of 50 percent ammonium dithane, an infusion of 
5 percent tea-seed cake, or a solution of 0.5 percent Bordeaux mixture. 
Sometimes, it is necessary to spray a center where the disease occurs 
and its surrounding areas two or three times in succession. 


III. Rice Sheath and Culm Blight 


Law of Disease Development: Rice sheath and culm blight is a disease 
caused by fungi of the basidiomycetous group. A sclerotium is the source 
of infection of the disease. When paddy rice is being harvested, 
sclerotia drop down on the field in large numbers and these hibernate 

in the soil to become the principal source of infection next year. At 
the time of soil preparation in the paddy fields the following year, the 
overwintering sclerotia will mix with the tangled straw floating on the 
surface of the water. Then at a later period of the nursery stage or 
after transplanting the rice seedlings, the sclerotia will drift near 

to the seedlings or rice plants and attach themselves to the leaf 
sheaths near the surface of the water. There they will develop hyphae 
to infect the leaf sheaths, causing pustules to be formed. Afterward, 
hyphae will develop directly on the pustules and these will infect 

other rice plants nearby or spread to the upper parts of the affected 
plants, thus extending the damage. 


Methods of Treatment and Control: 


(1) Elimination of sclerotia: At the time of soil preparation in the 
paddy fielcs, scoop all refuse out of the water near the edges of fields 
located downwind and either bury it deep in the ground or burn it. 


(2) Sha’low irrigation on a frequent basis and drying of the field in 
the sun at appropriate times. 


(3) Rationally apply fertilizer so that paddy rice will not be addicted 
to remaining green or lodging at a later stage. 


(4) Use a spray consisting of either a 1 to 1,000 parts solution of 

10 percent methyl calcium arsonate or a 1 to 2,000 parts solution of 

20 percent zinc methane arsonate at the rate of 200 catties per mou. 

It must be sprayed on the lower part of the rice plant and not on the 
upper part. Therefore, spraying should be carried out after the dew 

has dried. Otherwise, it is very easy to cause fungicide damage, which 
may result in the formation of a mixture of fully filled grain and chaff, 
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or even in an inability to produce fruiting panicles. From the panicle 
forming stage to the flowering period, spraying should be avoided. Only 
after the flowering period can spraying be done. 


IV. Wheat Rust 


Law of Disease Development: There are three types of wheat rust: leaf 
rust, stripe rust and stem rust. In winter wheat growing areas, rust 
fungi mainly spend the summer on volunteer seedlings and late-maturing 
spring wheat; in spring wheat growing areas, stem rust fungi principally 
come from overwintering areas in the south and leaf rust fungi either 
hibernate locally or originate from the south. Temperature requirements 
for the development of the rust diseases vary. For stripe rust, the 
temperature favorable for infection is between 9° and 13°C and for 
development between 13° and 16°C; for leaf rust, the temperature favor- 
able for infection is between 15° and 20°C and for development between 
18° and 22°C; for stem rust, the temperature favorable for infection is 
between 15° and 20°C and for development between 18° and 22°C. There- 
fore, stripe rust should occur the earliest, leaf rust next and stem 
rust the latest. Spores of the rust diseases are all disseminated by 
the wind. On a humid day, droplets of water may collect on the surface 
of the leaves or a film of water may form over the surface of the 
spores. Under such conditions, the spores will germinate and infect 

the wheat plants when the temperature is also favorable. Hence, rainy 
weather, misty weather, dewfall as well as low-lying, marshy fields are 
all conducive to the development of rust diseases. 


Methods of Treatment and Control: 
(1) Select rust-resistant, high-yielding varieties. 


(2) Properly fertilize, rationally close plant and open drainage ditches; 
avoid excessive fertilizer applications in the later stages, overly late 
fertilizer applications and excessive wetness of the fields. 


(3) Chemical controls should begin in the early stages of disease 
development. In general, treatments should start when the rate of dis- 
ease occurrence reaches 1 to 5 percent. Two or three treatments are 
usually required. Use a1 to 250 parts solution of sodium 
p-aminobenzene sulfonate or p-aminobenzene sulfonic acid or 50 percent 
wettable Folpet powder to control all three rust diseases; use a solution 
of 0.5 percent Bordeaux mixture to control stem rust and leaf rust. 


V. Wheat Red Mildew 


Law of Disease Development: Wheat red mildew is a disease caused by a 
type of sporangial fungus. The development and spread of the disease 
depend mainly on two conditions, mamely: the number of sources of 
disease organisms and the temperature and humidity during the earing 
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and flowering stages of barley, wheat and naked barley. In the primary 
infection, the sources of disease organisms essentially come from the 
residue of the preceding crop buried in the topsoil of the wheat fields. 
After the conditions are available for the organisms to attack, the 
degree of severity of the infection is determined by the temperature 
and humidity during the flowering period of the cereal grains. Under 
continuously high temperatures and humidity, the incubation period of 
the disease is 7 or 8 days at 15°C, 4 or 5 days at 18° to 20°C, and 
only 2 days at 25°C. In a wheat red mildew attack, pathogen-carrying 
wheat spikes and grains may continue to infect healthy spikes and 
grains in wheat shocks and on the threshing floors when the humidity 

is relatively high, thereby causing the rate of disease development to 
rise rapidly. 


Methods of Treatment and Control: 


(1) Rationally rotate crops and plow after harvest to destroy the 
stubble. in paddy fields in the south, rice stubble should be picked 
up and destroyed so as to eliminate the sources of disease organisms in 
the topsoil. (In the south, rice stubble is the principal source of 
organisms causing red mildew when wheat is grown in paddy fields.) in 
spring wheat growing areas in the north, residual wheat straw from last 
year's crop should be cleared out. 


(2) Open irrigation ditches and lower the underground water table and 
the amount of surface water in the field. 


(3) Select healthy, disease-free wheat seed and use a solution of 0.2 
percent dinitro powder to treat the seed. 


(4) Timely harvesting and threshing: Where harvesting is by manual 
labor, management of wheat shocks should be handled well so as to pre- 
vent water seepage and mildew formation; where harvesting is by machine, 
management of the wheat threshing floors should be strengthened so as to 
carry out drying as quickly as possible and prevent the spread of infec- 
tion. 


(5S) Treatment and control of the disease by chemicals: Use a 1 to 1,400 
parts solution of 70 percent wettable Thiophanate methyl, a 1 to 1,000 
parts solution of 50 percent Thiophanate (i.e., Bavistin), or a 1 to 200 
parts solution of 50 percent wettable dinitro powder for spraying once 

or twice at the rate of 150 to 200 catties per mou. A quantity of DDT 
emulsion may be added to the spray when armyworm is to be killed at the 
same time. 


VI. Corn Leaf Blight and Spot 


Law of Disease Development: Pathogens causing leaf blight and spot of 
corn spend the winter on diseased plants remaining in the fields to 
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become the principal source of infection the following summer. During 
the period of disease development, on the condition that the temperature 
is favorable and the humidity is high, mycelia will reproduce rapidly, 
forming a great number of conidia, which disseminate and infect wheat 
plants with the aid of the wind. The temperature favorable for the 
development of leaf blight is 20° to 28°C and for leaf spot 26° to 32°C, 
and the relative humidity is about 70 percent. Wet and humid weather 

is conducive to the occurrence of the diseases. 


Methods of Treatment and Control: 
(1) Select and propagate disease-resistant varieties. 


(2) Popularize interplianting, improve conditions of ventilation and 
light transmittance, and lower the amount of surface water in the field 
s0 as to lessen the chance of disease occurrence. 


(3) Strengthen field management with a view to taking care of i.ciga- 
tion, promoting the growth of healthy plants and strengthening their 
disease resistance: After harvest, plant stubble in the field should 
be removed and disposed of collectively. 


(4) Control of the diseases with chemicals: Use al to 500 parts solu- 
tion of 65 percent Zineb for spraying three or four times at intervals 
of 7 to 10 days. Or use a 1 to 1,000 parts solution of 50 percent 
Kitazin emulsible oil for spraying at the rate of 150 catties per mou. 
Or use a 1 to 800 parts solution of 50 percent wettable Tuzet powder 

for spraying. 


VII. Corn Smut 


Law of Disease Development: Spores produced by pathogens causing corn 
smut mainly overwinter in the manure spread on the soil and on corn- 
stalks remaining in the fields and are disseminated the following year 
by the wind to damage tender tissues and infect wounds on corn, forming 
galls which later break open and release a great deal of black powder 
[spores]. These spores are blown by the wind to other stalks of corn, 
thus widening the infection. The temperature favorable for the reproduc- 
tion of spores is about 26°C. This means that relatively dry weather or 
intermittent rain is conducive to the development of the disease. The 
application of virus-carrying fertilizer or an excessive amount of 
nitrogen fertilizer, a deficiency of fertilizer, overplanting or con- 
tinuous cropping and cultivation of varieties that are not resistant to 
drought will contribute to the severity of the infection. 


Methods of Treatment and Control: 
(1) Remove plant stubble from the field after the crop has been har- 


vested, practice deep plowing iu autumn and adopt the method of decompos- 
ing cornstalks at high temperatures to kill the disease organisms. 
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(2) Select disease-resistant varieties for planting and actively 
extend disease-resistant hybrids. 


(3) Timely and thoroughly remove diseased plants following the 
appearance of galls on them for deep burial away from the field so as 
to avoid spreading the disease. 


(4) Strengthen field management, paying attention to the proper mixing 
and application of nitrogen-phosphate-potassium fertilizer. 


VIIL. Cotton Rhizoctonia Disease 


Law of Disease Development: The organisms causing cotton standing rot 
are mainly carried by the soil. After cotton is planted, seedlings will 
grow slowly when there are low temperatures or rainy weather. This 
lowers their disease resistance and makes it easy for the disease to 
develop. 


Methods of Treatment and Control: 
(1) Practice crop rotation in a planned way. 
(2) Raise the quality of soil preparation and open irrigation ditches. 


(3) Plant in time so as to avoid the effect of low temperatures over a 
long period of time. 


(4) Strengthen field management and raise the soil temperature. 
IX. Cotton Stem Blight 


Law of Disease Development: The disease organisms may hibernate inside 
or outside the seed. For this reason, in old areas of disease occur- 
rence, the pathogens overwintering among diseased cotton seeds and rotted 
cotton bolis and on diseased leaves, plant stubble and cotton stalks are 
the source of infection the following year. After the cotyledon of a 
cotton plant is infected during the seedling stage, conidiophores may 
form in the pustules in case of rain and the conidia borne by the 
conidiophores may be scattered by the rain or carried by aphids and 
disseminated to other parts of the plant or to other plants in the 
vicinity. Or they may be carried by a strong wind or a heavy downpour 
to adjoining cotton fields to infect yet more plants. If 20° to 25°C 
temperatures and 90 percent humidity continue for 4 or 5 days after a 
rain has cleared, the disease will break out within 1 or 2 days. During 
the seedling stage, the presence of a great number of aphids, a high 
undergrounc water table, poor drainage of the field, uneven growth of 
the seedlings and low disease resistance of the crop being planted will 
promote the occurrence and development of the disease. 


542 





Methods of Treatment and Control: 
(1) Rationally rotate crops and eliminate the sources of pathogens. 


(2) Strengthening of field management: For example, in areas where 
rainfall is plentiful, deep irrigation ditches should be opened and the 
underground water table and the amount of surface water in the fields 
should be lowered. Cultivation to loosen the soil should be strengthened 
and the soil temperature raised so as to promote the early development 
of the cotton seedlings and strengthen their resistance to disease. 


(3) Exterminate aphids so as to prevent their transmittance of the 
disease. 


(4) Use a 1:1:200 part solution of Bordeaux mixture or a 1 to 500 parts 
solution of 50 percent Kitazin emulsion or a 1 to 500 parts eslution of 
65 percent Zineb wettable powder for spraying. 


(S) Remove diseased leaves for disposal away from the field as soon as 
cotton seedlings develop the disease in order to prevent its spread. 


X. Cotton Fusarium and Verticillium Wilt 


Law of Disease Development: Cotton fusarium wilt may develop beginning 
with the seedling stage of cotton. In June, just before or after the 
appearance of cotton squares, the disease reaches its height, causing 
the cotton plants to become stunted in growth. July is the beginning of 
the dog-days when rain is scarce and temperatures are high. During this 
month the disease ceases to develop and its symptoms are concealed. 
Toward the end of August and the beginning of September, diseased plants 
appear one after another, forming the second peak of disease occurrence. 


Cotton verticillium wilt generally does not occur during the seedling 
Stage. It only develops rapidly following the appearance of the cotton 
squares reaching its height during the months of July and August. By 
and large, the disease first develops on the leaves at the basal part 
of a cotton plant and gradually spreads upward. During the cotton boll 
stage there often appears an acute type of verticillium wilt in cotton 
fields after a heavy rain. 


The organisms causing these two diseases are able to overwinter in 
cotton seeds, on diseased plants and in the soil. The source of primary 
infection are seeds bearing these organisms. In old areas of disease 
occurrence it is principally viruliferous soil, plant stubble and 
diseased plants that are the sources of infection. 


Methods of Treatment and Control: 


(1) Practice seed inspection to prevent the spread of the diseases. 
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(2) Pract ce of quarantine: In areas of disease occurrence affected 
seed cotton should be harvested, ginned and stored separately. Also, 
branches and leaves of diseased plants should be burned. 


(3) Practice of crop rotation: In heavily infected areas good results 
have been obtained from growing a graminaceous crop continuously for 3 
years or rotating between a dryland rice crop and a paddy rice crop for 
a year. 


(4) Treatment of soil: Mix 1 catty of 70 percent "402" emulsible oil, 
an antibiotic substance, in 3,000 catties of water and pour it at the 
base of the diseased plants at the rate of 1 catty per plant, then cover 
the base with fine soil. 


(5) Use "401" and "402," both antibiotic substances, to disinfect the 
seeds. 


XI. Sugar Beet Cercospora Leaf Spot 


Law of Disease Development: The pathogens causing beet brown scab 
hibernate in plant residue primarily as mycelia. Under squally condi- 
tions, high temperatures and high humidity, the disease will develop 
rapidly anc the attack will be severe. Beets are susceptible to this 
disease in the Northeast region, while the degree of infection is light 
in the aric region of the Northwest. Infection is heavy in areas where 
the growing of beet is repeated year after year on the same land, while 
it is light in areas where there is rotation for more than 3 years. 
Infection is heavy when the planting date tends to be early, while it is 
light when the planting date tends to be late. Where the soil is heavy 
or where the land is low, infection is relatively heavy due to poor 
drainage or wetness of the fields; where the soil is sandy or where the 
fields are level or located upland, infection is relatively light due to 
good drainage. During a year in which climatic conditions are favorable, 
superinfection by the pathogens causing the disease may reach as many 

as seven or nine times. 


Methods of Treatment and Control: 
(1) Select disease-resistant beet varieties for planting. 


(2) Carry out seed disinfection strictly. By soaking seeds in al to 
100 parts solution of 40 percent formaldehyde thoroughly for 5 minutes 
or partially (60 percent of the solution to the weight volume of the 
seeds) for 3 hours prior to planting, the disease causing organisms 
attached to the surface of the seed can be killed. 


(3) Strengthen anticipation and forecasting, and timely apply chemical 
controls. Good results may be obtained by spraying with a 1:1:100 part 
solution of Bordeaux mixture or a 1 to 250 parts solution of 65 percent 
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Zineb immediately after the occurrence of the disease at the rate of 
100 to 150 catties per mou. Generally, it is necessary to spray two or 
three times at 15-day intervals. 


(4) Strengthen field management in order to promote the healthy growth 
of beet and reinforce its disease resistance. If looseness of the soil 
and good drainage are maintained on a regular basis, the degree of 
infection in the fields can be reduced. The carrving out of autumn 
plowing in depth every year and the practice of rational crop rotation 
are also effective measures to prevent and control the disease. 


XII. Sugar Beet Powder Mildew 


Law of Disease Development: Beet white rust occurs mostly in July and 
August, when the weather is dry and very hot. It develops most rapidly 
when the air temperature reaches 22° to 24°C. Its demand for dampness 

is mot very strict. A relative humidity between 40 and 50 percent can 
benefit the occurrence and development of the disease organisms. wW'‘thin 
a few days, these organisms can cause infection over a wide area, in 
which, if it is serious, seed production, root production and sucrose 
content drop noticeably. The original pathogens pass the winter as 
ascocarps or mycelia among the residue of diseased beet plants and on 

the necks of beet roots and the surface of seed in the fields. The 
following year, white powdery conidia are produced on affected beet 

tops and spread the infection continuous)y. Beet flowers and branches 
are the first to be attacked, while beet roots which serve as raw mate- 
rial for the production of sugar do not develop the disease until 5 to 
10 days later. So the date of disease occurrence on the plants producing 
seeds may be used as a reference for predicting the developwent of the 
disease on the beets grown for yielding sugar. Beet plants that grow 
weakly are attacked relatively severely. Also, beets grown in arid soil, 
hard-slab fields or nutrient deficient saline-alkali land are susceptible 
to infection with this disease. 


Methods of Treatment and Control: 
(1) Practice rational crop rotation and avoid repeated cropping. 


(2) Adop: the method of treating seeds with a 1 to 300 parts solution 
of formaldehyde for 5 minutes and then soaking them in water (60 percent 
wa’er to the weight volume of seeds) for 24 hours prior to planting. 


(3) Use ground sulfur for dusting at the rate of 3 catties per mou as 
soon as leaf spots are discovered. After this initial dusting, the 
disease can be kept from developing for 10 to 20 days. Apply a second 
dusting 15 to 20 days later. Good results may also be obtained by 
dusting with lime sulfur. 
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(4) Stren then field management so as to prevent beets from drying up 
and increase their disease resistance: Immediately after harvesting, 

plow the f.elds in depth in order to bury diseased leaves in the soil 

and prevent the spread of the disease next year. 


Chief Insect Pests of Crops, Their Treatment and Control 
I. Rice Paddy Borer 


Law of Development: In the rice growing areas of the Yangtze River 
region, th.s species reproduces three or four generations a year. The 
peak hatching of caterpillars occurs 12 to 14 days after the peak 
abundance of adult insects of the first and fourth generations, or 7 

or 8 days after the peak number of adult insects of the second and third 
generations. They immediately begin to eat their way into the rice stems 
to devastate the crop. The first generation of caterpillars infest early 
cropping rice and intermediate rice that is transplanted early. The 
second generation damage the single-cropped late~maturing rice and 
intermediate rice that is transplanted late, causing seedlings with a 
necrotic stem. They also injure early cropping rice that is trans- 
planted late, causing white heads to form. The third generation infest 
double-cropped late rice and single-cropped late-maturing rice that is 
transplanted late, causing seedlings with a necrotic stem, and also 
late-maturing intermediate rice, causing white heads to form. The 
fourth generation do harm to double-cropped late rice, giving rise to 
the development of wheat head disease. 


Methods of Treatment and Control: 


(1) Estabiish rice plots to lure insects to their death: For every 20 
mou, set up in the vicinity of the fields that are the sources of insect 
pests one plot each of early cropping rice that is transplanted early, 
single~cropped late-maturing rice that is transplanted early, double- 
cropped late rice that is transplanted early and double-cropped late 
rice that is transplanted late, so as to lure caterpillars of different 
generaiions separately to their death. Results are good and both labor 
and inserticides will be saved. 


(2) Use moth lamps. At the beginning of the peak of number of moths, 
use black light Lamps or ofl lamps to trap the insects. 


(3) Protection and utilization of natural enemies of the pests: Protect 
frogs and toads. breed bees which are parasites of the eggs of moths. 
First, place the egg masses gathered in a bowl, then put the bowl inside 
a jar of water, om the surface of which floats a film of oil (take care 
that neither the mouth of the bowl nor the leaves on which the egg masses 
rest touch the side of the jar), and cover the jar with a piece of roof 
tile to shelter it from the sum and the rain. When the caterpillars 
crawl out after they are hatched, they will die on contact with the oil, 
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while the parasitic bees will fly out after they form wings and continue 
to live on other egg masses. 


(4) Use of the following chemicals to control wilting stem or white 
head: 6 percent wettable SHC [benzene hexacloride] powder at the rate 
of 1.5 to 2 catties per mou; a mixture of 1.5 percent parathion and 

3 percent BHC powder (i.e., “Jialiufen") at the rate of 1.5 to 2 catties 
per mou; a l to 1,500 parts solution of 50 percent acetyl parathion 
emulsion; a 1 to 1,000 parts solution of 50 percent moth-killing pine 
oil mixture. Treatments may begin during the seedling stage or tilier- 
ing period when 20 to 30 percent of the egg masses has hatched or when 
seedlings with a necrotic stem first eppear in the field and during the 
panicle forming stage when 10 percent of the rice plants has achieved 
“pregnancy” or when the egg masses have turned black. If the quantity 
of egg masses is vast, an inspection should be carried out 6 to 7 days 
after the first application and if it still measures up to the norm for 
control, then a second application should be made. 


lil. Rice Stem Borer 


Law of Development: In the rice growing areas of the Yangtze River 
region, this species reproduces in 1 year two or three generations, which 
pass the winter as mature larwae. The peak hatching of the first genera- 
tion larvae is from late May to early June and these principally infest 
early cropping rice and intermediate rice that is transplanted early, 
causing sheaths and stems to wilt. The peak hatching of the second gen- 
eration larvae is from mid-to-late July to early August and these prin- 
cipally harm single-cropped late-maturing rice that is transplanted late, 
causing sheaths and stems to wilt, and to intermediate rice, causing the 
panicles to wither, white head to form and the plants to die eventually. 
The peak hatching of the third generation larvae is from mid-to-late 
August to early September and these principally attack double-cropped 
late rice, causing sheaths and stems to wilt, and intermediate rice that 
ripens late, causing white head to form. Adult insects have the habit of 
hastening toward light, tender green things and tall, large plants, while 
larvae in their early years have the habit of collecting in large numbers, 
doing damage to leaf sheaths in a swarm. 


Methods of Treatment and Control: 


(1) Exterminate overwintering larvae, by plowing in depth, picking up 
rice stubble thoroughly and disposing of rice straw after the crop is 
harvested. 


(2) Establish rice plots to lure insects to their death, use moth lamps 
and use natural enemies of the pests: The methods are the same as in 
dealing with caterpillars (Schoenobius bipunctifer). 
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(3) Chemical control: Al to 2,000-3,000 parts solution of 90 percent 
crystal dipterex may be used for spraying. 


(4) Biological control: At the beginning of the peak number for the 
first generation aoths, predator bees of the species, Trichograme 
japonica Ashmead, may be released manualiy. 


Ill. Rice Plant Skipper 


Law of Development: The number of generations reproduced in 4 year 
varies with the locality. Generally, four to six generations are repro- 
duced a year in the Central China region, six or seven generations in the 
South China region, and two or three generations in the North China 
region. In the southern rice growing areas, the pests pass the winter as 
larvae in clusters of weeds, such as nomadic grass, wild coba and reed 
gtass, growing on the sunny side of ditches away from the wind. In areas 
north of the Yellow River, however, they pass the winter as pupae. The 
adult rice plant skipper has a fondness for feeding on the blossoms of 
cucurbitaceous plants, cotton and sesame, as well as sunflowers. Thus 
the emergence of rice plant skippers can be anticipated by observing the 
date of appearance of adults and their number among the blossoms in «4 
field of honey plants. Two to 4 days after the peak period for evergence 
of adult insects among the blossoms is the peak for egg laying in rice 
fields and 10 to 12 days after the peak number of adults is the peak for 
the emergence of larvae in the rice fields. Whenever 5 to 10 egg masses 
are detected on every 100 rice plants, control measures should be adopted 
for the field; whenever the number of second to third instar larvae 
reaches 50 percent, chemical controls should immediately be put in force. 


Methods of Treatment and Control: 


(1) Exterminate overwintering larvae. In conjunction with winter 
application of fertilizer, cut off the stubble of coba plants and remove 
all weeds end fallen leaves alongside ditches, fields, streams and ponds. 


(2) Use the following insecticides for dusting or spraying: 1 percent 
BHC dust (to control i= to 2-year larvae) at the rate of 4 to 5 catties 
per mou, or a mixture of 1.5 percent parathion and 3 percent BHC dust or 
2.5 percent dipterex powder at the rate of 3 to 4 catties per mou, or a 
i to 1,000-3,000 parts solution of 90 percent crystal dipterex. 


(3) Apply a spray of 0.2 catty of green caterpillar bacteria [qingchongjun] 
(each gram containing several tens of billion active spores) mixed in 200 
catties of water for each mou. 


IV. Rice Leafroller 


Law of Development: The number of generations reproduced in a year as 
well as the time of reproduction are very different in various places. 
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For example, in Linyi, Shandong Province, three generations are repro- 
duced in a year and of the three generations, the second causes the most 
severe damage to crops and the peak of number of moths of that genera- 
tion is in early July. In the provinces of Shaanxi, Henan and Jiangsu, 
four generations are reproduced in a year and of the four generations, 
the second and third cause the most severe damage to crops. The peaks 
of mumber of moths of those two generations are respectively between 
June and July and between July and August. In Hubei, Hunan, Guizhou, 
Jiangxi and Zhejiang, four or five generstions are reproduced in 4 year. 
The second, third and fourth generations cause the most severe damage to 
crops. The peaks of number of moths of those generations are respec- 
tively between early June and the beginning of July and between sid- 
August and the beginning of September. In Guangxi, Guangdong and Fujian, 
five or six generations are reproduced in a year. The fourth and fifth 
generations cause the most severe damage to crops. The peaks of number 
of moths of the two generations are respectively between July and Augu.< 
and between August and September. On the Liuzhou Peninsula and Huinan 
Island, Guangdong Province, seven or eight generations are reprcwuced in 
a year. The fourth, fifth and sixth generations cause the most severe 
damage to crops. On the basis of field inspections, all rice fields 
should be designated as targets for pest control whenever there are 
about 500 moths or between 3,000 and 5,000 larwae in a mou or there are 
15 to 29 mew caterpillars among every 100 clusters of rice plants. 


Methods of Treatment and Control: 


(1) Carry owt chemical controls about 10 days after the peak number of 
moths or when the number of second to third instar larvae reaches 50 per- 
cent. Use 2.5 percent dipterex powder or a wixture of 1.5 percent 
parathion and 3 percent BHC powder for dusting «t the rate of 3 to 4 
cattles per mou, or a 1 to 1,000-2,000 parts solution of 90 percent 
crystal dipterex for spraying. 


(2) Release bees of the species, Trichogramma japonica Ashmead, to con- 
trol the pests during the peak of the latter's laying season or use a 

1 to 700-1,000 parts solution of a moth baciliicide for spraying during 
the peak number of the larvae. 


Vv. Rice Planthopper 


Law of Development: There are seven kinds of rice planthoppers that are 
hareful to paddy rice and among them, the brown planthopper, white-back 
planthopper and gray planthopper cause the gost severe damage to crops. 
The brown rice planthopper has the highest reproduction rate as well as 
the largest number emerging. It produces seven or eight generations a 
year in Guangdong and Guangxi, six or seven generations in Hunan and 
Zhejiang, five or six generations in Jiangsu, Sichuan and Anhui, and 
four or five generations in Henan. These mainly pass the winter as eggs 
inside the stems of gramineceous plants growing on the edges of fields, 
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ditches and ponds in all provinces, with the exception of Guangdong, 
Guangxi and Fujian, where they may overwinter as eggs, nymphs or adults. 
The white-back rice planthopper reproduces five or six generations 4 
year in Zhejiang, Jiangsu, Jiangxi, Hunan and Fujian, and they pass the 
winter as eggs. The gray rice planthopper reproduces five or six gen- 
erations a year in Hubei, Jiangsu, Zhejiang and Shanghai, and these 
overwinter as third to fourth instar nymphs in green manure crop fields 
and among weeds growing on the edges of fields, but in Hunan, they pass 
the winter either as nymphs or as adults. In the northern rice growing 
areas, as in Hebei Province, the pest reproduces five or six generations 
a year and these pass the wintei as third to fourth instar nymphs among 
weeds, rice stubble and litter, or within cracks in the soil. The gray 
rice planthopper can transmit the viral disease of both wheat and rice 
plants. 


Methods of Treatment and Control: 


(1) Remove weeds from the edges of fields and ponds in conjunction with 
the winter collection of manure so as to eliminate the sources of over- 
wintering insects. 


(2) Chemical controls: For spring green manure seed plots, use 2.5 
percent dipterex powder for dusting at the rate of 3 catties per mou; 
for rice fields, use a mixture of 1.5 percent parathion and 3 percent 
BHC powder for dusting at the rate of 2 to 3 catties per mou or a 

1 to 1,000-1,500 parts solution of 40 percent DDVP [dichlorvas) for 
spraying. 


VI. Black-tail Leaf Cicada 


Law of Development: In the southern part of the country, the pests over- 
winter as nymphs, and to a lesser degree as adults, mainly in green 
manure crop fields, or next in wheat and rape fields or among weeds grow- 
ing alongside ditches. from mid-to-late March to early april, the over- 
wintering nymphs migrate to seedling beds of early cropping rice and 
intermediace rice to do harm. The peak number of first generation 

nymphs ie between mid-to-late May and early June, and that is when they 
move to flelids of early cropping rice. Infestations are the heaviest in 
July and August and injury to intermediate rice, single-cropped late- 
maturing rice and double-cropped late rice is relatively severe. The 
peak for tranenmitting viroses by the black-tail leaf cicada is during 

the nursery stage of early cropping rice or late-maturing rice and 

after transplanting rice seediings up to the early stage of tillering. 


Methods of Treatment and Control: 


(1) Remove weeds from the edges of fields so as to eliminate the 
sources of overwintering insects. 
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(2) Chemical control of the pest is the same as for rice planthopper. 
VII. Rice Leaf Fly 


Law of Development: Generally, in the Yangtze River region, two or 
three generations are reproduced in a year. The first generation 
infests cereal grains, meadow coxtail, darnel, nomadic grass and wild 
oats in early spring. The second generation attacks seedlings of early 
cropping rice and early maturing rice that is transplanted early. 
Usually, rice fields that are growing well or fields with a deep layer 
of irrigation water are afflicted severely. The third generation 
infests seedlings of rice planted under the three-cropping system and 
pass the winter as adults or pupae among graminaceous grasses growing 
along the edges of fields and ditches. 


Methods of Treatment and Control: 


(1) Remove weeds growing along the edges of fields, ponds and ditches 
in the spring so as to eliminate the sources of overwintering insects. 


(2) Maintain shallow irrigation in paddy fields which may reduce 
infestations. 


(3) Chemical controls: Use a 1 to 1,000 parts solution of 90 percent 
crystal dipterex or 40 percent dimethoate for spraying. 


VIII. Armyworm 


Law of Development: The eastern half of our country may be divided into 
five areas of emergence of the insect pests according to the reproduction 


of generations and the characteristics of infestation as follows [see 
table on pages 552-554]. 


The armyworm is capable of laying eggs in temperatures ranging from 15° to 
30°C, but the optimum temperature is bet~een 19° and 22°C and the favor- 
able relative humidity is about 90 percent. Newly hatched larvae are 
afraid of dryness and fond of dampness. When the air temperature is 

above 28°C and the relative humidity is in excess of 85 percent, it is 
most beneficial to their development. 


When eggs for the most part are hatched and 2- to 3-year larvae are in 
the majority, the time is favorable for armyworm control to be put in 
force. The criteria for the intrvduction of controls are as follows: 
On the whole, when there are 5 to 10 worms in each square meter of wheat 
field, 5 worms in each square meter of millet crop, 20 to 30 worms on 
each 100 corn or gaoliang plants during the seedling stage or 50 to 100 
worms on each 100 plants during the intermediate and late stayes of 
growth, or 30 to 50 worms on each 100 clusters of paddy rice plants (or 
1,000 to 2,000 worms in each mou of field in the southern rice growing 
areas during the panicle forming stage), control should be initiated 
immediately. 
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Methods of Treatment and Control: 


(1) Chemical controls: Anticipation and forecast of the armyworm situa- 
tion must be handled well. Every effort should be made to use a mixture 
of equal parts of 1 percent BHC powder and 5 percent DDT powder for dust- 
ing at the rate of 3 to 4 catties per mou before the third instar. When 
the armyworms are past the third instar, a 1 to 250 parts solution of 

25 percent DDT emulsion must be used for spraying. 


(2) Inducement of moths to lay eggs: Rice straw may be tied into 
bundles with a thickness equivalent to the width of the mouth of a rice 
cowl. These are placed in wheat fields five or six to a mou, with the 
aid of bamboo stakes, to induce moths to lay their eggs there. The 
straw bundles should be changed once every 3 days when they are gathered 
together and burned. 


(3) Trap-killing of adult insects: At the beginning of the emergence 

of adult insects, mix together the liquid waste from the processing of 
all kinds of foodstuff and the cooking of rotten sweet potatoes, carrots 
and pride of China [Melia azederach] and add to it vinegar or some liquid 
from fermented feed. Then make a poisonous liquid out of it by adding 

1 liang of 6 percent wettable BHC powder to every 10 catties of liquid. 
Pour the poisonous liquid into such containers as earthen basins and 
narrow-mouth jars and place them in wheat fields at dusk, one basin or 
jar to every 15 mou. (The containers should be placed on tripods so 

that they are higher than the wneat seedlings.) 


(4) When larvae emerge on a large scale and are likely to migrate soon, 
protective ditches against the worms should be dug. These ditches should 
be 60 centimeters deep and 30 centimeters wide, and the walls should be 
vertical. Spread insecticide on the bottom of the ditches or employ 
manual labor to dig up the sofl at the bottom of the ditches to bury and 
kill the worms. 


IX. Wheat Aphids 


Law of Development: Wheat aphids consist mainly of four types, namely: 
English grain aphid, corn leaf aphid, millet aphid and green bug. Infes- 
tations by aphids may take place during the seedling ari spike stages 

of wheat, barley and naked barley, with the ear forming and heading 
Stages as peak periods. Generally, high temperatures and dry weather 

are conducive to the reproduction of wheat aphids. 


Methods of Treatment and Control: 
(1) In the North China region, the adoption of winter irrigation of 


wheat fields can freeze a portion of the overwintering wheat aphids to 
death. 
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(2) Chemical controls: 


(a) When che temperature is below 15°C, use 1 percent BHC powder for 
dusting at the rate of 3 to 5 catties per mou or a 1 to 250-300 parts 
solution of 6 percent wettable BHC powder for spraying at the rate of 
100 catties per mou. 


(b) When the temperature is above 15°C, use a 1 to 2,500-3,000 parts 
solution ot 80 percent DDVP [dichlorvos] emulsion for spraying at the 
rate of 100 catties per mou or 1.5 percent dimethoate powder for dusting 
at the rate of 2 to 3 catties per mou. 


X. Wheat Midge 


Law of Development: There are in our country two kinds of wheat midge: 
wheat red midge and wheat yellow midge. Wheat red midges principally 
emerge in wheat growing areas on the great North China plain and along 
the banks cf the Yellow River, and in irrigated wheat fields elsewhere. 
Their distribution is wide and the damage they are capable of causing to 
wheat crops is relatively severe. Wheat yellow midges emerge mostly in 
mountainous areas on the plateaus and cause damage only locally. In 
general, the wheat red midge reproduces one generation a year. Due to 
the fact that the larvae have the habit of hibernating for a number of 
years, it is also possible chat the adult insect reproduces one genera- 
tion for a number of years. The pests make cocoons and hibernate as 
mature larvae in the soil. In spring, during the noding stage of wheat, 
those larvae, which have come out of their winter dormancy, rise to 
within 3 tc 5 centimeters of the earth's surface, preparatory to chang- 
ing into pupae. During the spike forming stage of wheat, active larvae 
successively pupate and during the he“) ng stage, adult insects begin to 
sprout wings and emerge from the soil. After its wings are formed, the 
adult is in the habit of crawling on the ground for 10 to 30 minutes 
before beginning to soar. This time is favorable to the application of 
insecticides as a means of control. The female insect selects a spike 
of wheat that has just been formed but has not yet flowered or that is 
in the process of blooming to lay her eggs. Usually, she does not 
choose tr Lay eggs on those spikes that have already flowered. After 

5 or 6 days, larvae are hatched from the eggs. They then bore into the 
empty glumes at the junction of the inner and outer glumes causing harm 
to the wheat grains that are being filled. The length of life of a 
larva is three instars, lasting cver 20 days. 


Methods of Treatment and Control: During the heading and flowering of 
wheat plants, take advantage of the peak period for wing formation of 
the adult wheat midge and use as a dust i percent BHC powder at the rate 
of 4 to 5 catties per mou or 2.5 percent dipterex powder at the rate of 
3 to 4 catties per mou. 
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XI. European Corn Borer 


Law of Development: In our country, from north to south, one to six 
generations of the insect pest may be reproduced in a year. These pass 
the winter as mature larvae in the stalks, corncobs and root stubble of 
host plants. The corn borer mainly causes infestations in corn, 
gaoliang and millet, and the suitable time for control of the pest is 
primarily the standard leaf period of the crop. When the second to 
third instar corn borers begin to infest the standard leaves, the time 
must be seized to kill the young larvae en masse by dusting the “horn- 
mouths” of the plants with a pelletized insecticide. After the fourth 
instar, the larvae will scatter to infest the stems and will therefore 
be difficult to control. In the southern part of the country, it is also 
necessary to control the pests during the earing stage of the corn crop 
when there are infestations by multi-generation corn borers. This mears 
exploiting the habit of a majority of larvae to concentrate on injuring 
the tup of an ear and applying insecticides at the time of silking. 


Methods of Treatment and Control: 


(1) Thorough disposal of cornstalks and corncobs by means of high- 
temperature composting before corn borers sprout wings in the spring. 


(2) Use of black light lamps to trap and kill the adult insects. 


(3) Keeping and +:leasing of wasps of the species, Trichogramma 
evanescens Westw i manually to live on the eggs of corn borers. 


(4) Chemical controls: During the standard leaf stage of corn, mix 

1 catty of 6 percent wettable BHC powder with 60 catties of clay soil 
or ashes from a stove and after sifting, make it into a granular form 
of poison soil, or mix 1 catty of 50 percent DDT wettable powder with 
90 catties of 20-60 mesh sifted coal cinders or broken-up soil clods, 
and spread it inside the standard leaves of corn. During the earing 
Stage, spread it inside the two or t).ree leaf sheaths above the tassel 
and above and below the ear. (Gaolisg is relatively sensitive to BHC, 
therefore it is more suitable to use granular DDT on gaoliang. ) 


(5) Use of Beauveria bassiana as a dust or spray during the peak hatch- 
ing of larvae. A 1:10 granular compound of the fungus powder may be 
used for dusting the standard leaves of corn plants at the rate of 7 to 
10 catties per mou or a catty of the powder may be diluted with 100 
catties of water for spraying. 


XII. Gaoliang Aphids 
Law of Development: The number of generations reproduced by gaoliang 


aphids varies in different places. They lay their eggs among weeds and 
pass the winter there. When the monthly mean air temperature is between 
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20° and 30°C and the relative humidity is 60 to 75 percent, it is most 
favorable -or gaoliang aphids to reproduce, while temperatures above 

38°C or below 10°C or stormy weather can check their development. When 
planting is relatively late or the -rop planted is of a variety with a 
high sucrose content in the stalk and foliage, the gaoliang aphids will 
emerge on a large scale and damage to the crop will be severe. But when 
natural enemies of the pests (such as lady seetles, grass dragonflies and 
gadflies feeding on aphids) are present iv: large numbers, the emergence 
of gaolian; aphids will oe on a small scale and damage to the crop wiil 
be light. 


Methods of Treatment and Control: 
(1) Select aphid-resistant varieties for planting. 


(2) Use 1.5 percent dimethoate or 1 percent parathion in powdery form 
for dusting at the rate of 4 to 5 catties per mou. 


(3) Sow gaoliang seeds mixed with 5 percent isopropyl-phosphate in 
granular form at the rate of 5 to 8 catties per mou. Or at the time of 
tillage, apply the chemical to the soil in the vicinity of the plants so 
that it will be covered with soil when the ground is tilled. When it is 
absorbed by the plants, its effectiveness in killing gaoliang aphids may 
last as long as 20 to 40 days. 


XI11. Soybean Berer 


Lav of Development: The soybean borer is one of the major insect pests 

in soybean growing areas in the northern part of our country. It pro- 
duces one generation a year and is limiced to feeding on only one species 
of plant. (Aside from che domesticated soybeans, it has only been 
detected on wild soybezn plants.) In general, the overwintering larvae 
pupate between mid-July and late August and emerge as adults between late 
July and mid-August. Mostly, the peak emergence of soybean borers is the 
first 10 diys of August. After forming wings, they gradually migrate to 
soybean tields to mate and lay eggs. Mostly, the peak number of adult 
insects ‘n soybean fields is the middle part of August. They are selec- 
tive as to where to lay their eggs. As a result, plants that bear tufty 
pods, plants that pod early and plants that have a long podding season 
wili suffer heavy damage. The laying period is 5 to 7 days. After hatch- 
ing, the lervae will quickly eat their way into pods to feed on the beans. 
There they will stay for over a month until mid-to-late September, when 
they, as mature larvae, will leave the pods one after another and move 
into the soil where they construct their cocoons to pass the winter. Out 
01 a year the larvae spend about 10 months in the soil. 


Methods of Treatment and Control: 


(1) Practice rational crop rotation and select varieties that are 
resistant to the insect pests for planting. 


958 





(2) Chemical controis: The beginning of the peak nuaber of adult insects 
should be seized to put chemical controls into force so as to kill them 
before they lay their eggs. Use a mixture of 1.5 percent parathion 

powder and 3 percent BHC powder as a dust at the rate of 3 to 4 catties 
per mou or a mixture of BHC and DDVP [dichlorvos] powder as a smoke-spray 
at dusk at the rate of 1 catty per mou. 


(3) Fumigation of the field: Gather a number of gaoliang stalks that 
have dried uniformly and cut them into 30-centimeter sections. Soak one 
end of the stalks thoroughly in 80 percent DDVP emulsion undiluted. Due 
to the spontaneous volatility of DDVP it can be of some use in killing 
or repelling the moths. 


XIV. Mole Cricket, Grub and Wirevorn 


A. Mole Cricket--There are two types of mole crickets: African mole 
cricket anc North China mole cricket. The African mole crickets occur 
in every part of the country, with occurrences more often in marcay land 
and relatively heavy soil, while the North China mole crickets occur 
mostly in saline-alkali soil and sandy loam in areas such as Hebei, 
Shandong, Henan, Shanxi, northern Jiangsu, north rn Anhui, Shaanxi and 
western Liaoning. Both types of mole crickets pass the winter either 

as adults or as nymphs in soil layers 60 centimeters deep. In spring, 
after ts air temperature has risen to 8°C, the mole crickets begin to 
be active. They enter their peak period of infestation during the period 
from April to June, following spring sowing and the greening of wheat 
(when the soil temperature is above 12°C). In June and July, with air 
temperatures on the rise, the mole crickets return once more to a rela- 
tively deep layer of soil to begin the peak period of their laying 
season. In August and September, they again emerge to the surface of 
the earth to feed on the young seedlings of autumn-sown crops. After 
October, because of lower temperatures, they gradually descend into the 
deep soil to spend the winter. Both types of mole crickets have a ten- 
dency to seek light. They often emerge from the soil and become active 
in great numbers at dusk in hot and muggy weather. 


B. Grub--Grub is a common name of the larva of a chafer. There are many 
types of grubs. In the areas north of the Yangtze River, a big black 
chafer of the species, Holotrichia diomphalia Bates is the most widely 
distzihuted and the damage it is capable of causing to crops is the most 
sev*.c. It compietes one generation in 18 to 24 months. In the first 
year the number of adult insects overwintering is greater than that of 
the larvae, but in the following year the number of larvae overwintering 
will be greater. In a year that the number of larvae overwintering is 
large, damage to spring wheat fields and other spring-sown crops the 
following year will be severe, but damage to summer and autumn crops will 
be light. In a year that the number of adults overwintering is large, 
damage to spring crops the following year will be light, but damage to 
summer and autumn-sown crops ‘peanut and sweet potato crops in the north) 
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during their respective seedling stages will be severe. The adult insect 
likes to pick a place that is sunny and away from the wind and where the 
soil is relatively mois: and well-loosened, to lay its eggs. Frequently, 
@ great number of them are lured to lay eggs in places where humus or 
barnyard manure is in abundance. If the spring tends to be dry, in ~sta- 
tions of crops by grubs are likely to worsen. 


C. Wireworm--The wireworm consists wainly of three types: ditch wire- 
worm, small-thorax wireworm and brown-striped wirewors. Both the ditch 
wireworm and small-thorax wireworm complete a generation in about 3 years. 


Ditch wirevorms mostly «<cur in dry land on the North China plain, with 
occurrences relatively numerous in silt loam and silty clay loam. The 
time of infestation is from early-to-mid March to early-to-mid May in the 
spring and from late September to early November in the autumn. The 
pests are adapted to high temperatures and dry conditions. When the 

soil temperature is 16° to 17°C, on the average, and the soil humidity 

is between 15 and 18 percent, it is most favorable for them to emerge. 


Narrow-thorax wireworms occur mainly in low-lying clay soil or irrigated 
land that is liable to waterlogging. They are adapted to low tempera- 
tures and high humidity. When the soil temperature is 7° to 10°C, on the 
average, and soil humidity is between 20 and 25 percent, it {i most 
favorable for them to emerge. Because they can endure low temperatures, 
they become active early in spring. In the Heilongjiang region, narrow- 
thorax wireworms will emerge from the soil to cause harm after it just 
thaws in early spri:g. They cease their activity when the soil tempera- 
ture tops 17°C. 


Methods of Treatment and Control: 


(1) Poison bait: Add 5 or 6 catties of 6 percent BHC wettable powder 

to 100 catties of bait material and mix with water to make a poison bait. 
Spread it at dusk next to the seedlings to kill the weevils. Or partially 
cook 50 catties of half-filled grain or chaff, mix in 5 catties of 6 per- 
cent BHC wettablie powder, and sow this at the same time as the seeds for 
the control of mole crickets, grubs and wireworms. 


(2) Seed treatment: Treat every 100 catties of wheat, corn or gaoliang 
seeds with 0.3 catty, or every 100 catties of soybean with 0.7 catty, of 
20 percent BHC powder. It is best to use methyl parathion in treating 
the seeds. Dilute 1 catty of 50 percent methyl parathion emulsion with 
100 catties of water for treating 1,000 catttes of wheat sevds or with 
50 catties of water for treating 500 catties of corn or gaciiang seeds. 
After soaking in the solution for 3 to 4 hours, the seeds should be 
spread out and dried in the shade before sowing. 
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XV. Black Cutwors 


Law of Development: Black cutworms may reproduce from two to seveu 
generations a year according to the localities and in the majority of 
places infestations by the first generation are the most severe. In 
general, there are two peaks for emergence of the first generation moths 
of the black cutworm in spring. (In some years there has been a third 
peak of emergence during the first 10 days of May.) Five or 6 days after 
a peak emergence comes a peak of egg laying. The adult insect has a 
relatively strong tendency to seek to the smell of sugar, vinegar and 
wine, as well as to a black light lamp. The length of life of a larva 

is 6 years and in its fifth to sixth year it is a voracious eater. After 
attaining maturity in its sixth year, it wakes a burrow in ine soil 3 or 
4 centimeters deep and changes into a pupa. 


Methods of Treatment and control: 


(1) Use a sugar and vinegar solution, willow twigs and black lich: lamps 
to trap and kill the adult insects. 


(2) Dust with 6 percent BIC powder at the rate of 2 to 3 catties per mou 
prior to harrowing. The dust is raked into the soil as soon as it is 
sprinkled and this may control many other kinds of soil insects at the 
same time. 


(3) Spray with a 1 to 200 parts solution of 25 percent DDT emulsion 
after the emergence of voung seedlings. If it is to control aphids and 
thrips at the same time, dimethoate emulsion or malathion may be added 
to the DDT solution according to the strength of 1 to 2,000. 


(4) Use crushed cake fertilizer (such as cottonseed cakes) to make a 
poison bait by adding 4 to 6 catties of 6 percent BHC powder to every 
100 catties of cake fertilizer and mixing them thoroughly with a small 
quantity of water. Spread the poison bait along seedling rows at the 
rate of 5 to 10 catties per mou. 


(5) Level footpaths along rice fields to kill the pupae and remove weeds 
from the edges of fields to destroy the eggs and first to second instar 
larvae concealing themselves among the weeds. 


(6) Place small heaps of fresh-cut grass on the field at dusk to trap 
the larvae. These heaps of grass, each covering an area of about 0.1 
square meter, should be spaced evenly 100 to a mou. Every day, before 
sunrisz, these should be turned over and any larvae found there should 
be killed. Set these traps for 5 to 10 days in succession. 
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KVI. Cotton Aphids 


Law of Development: Cotton aphids may reproduce as many as 20 to 30 gen- 
erations a year. They reproduce 10 to 20 generations on cotton plants 
and in late autumn they migrate to such host plants as Cayenne pepper, 
pomegranate, hibiscus, summer solstice grass and Chinese violet to lay 
their eggs end pass the winter. In February and March, the following 
year, the aphids emerge only as parthenogenetic females and instead of 
laying eggs, they bring forth several generations of living young. In 
April and May, the aphids form wings and migrate to cotton fields to 
devastate the crop. 


Methods of Treatment and Control: 


(1) Eliminate cotton aphids overwintering on host plants. In early 
spring, before the migration of the cotton aphids, brush the lower part 
of tree trunks up to a height of 2 meters with limewater and mud and 
spray the upper part with a 1 to 1,500 parts solution of malathion to 
control the pests. Then, at the time of soil preparation as well as 
after the planting of cotton, dig out all weeds growing at the edges of 
the fields. 


(2) Use 2 to 3 catties of 40 percent Thimet dust ja systemic insecticide 
containing an organic phosphoric compound] in treating every 100 catties 
of dry cottonseed for planting in single-cropping cotton fields. First, 
treat the seeds with hot or cold water. After they have absorbed suf fi- 
cient moisture, scoop them out and drain out the water until they are 
half dry. Mix the Thimet dust uniformly with wood ash or fine sand one- 
tenth the weight of the seeds, then mix this with the seeds. Sow the 
seeds as scon as they are treated. The residual effect of the treatment 
in controlling aphids during the seedling stage may be as long as 45 to 
50 days. in double-cropping cotton fields, spray with a 1 to 1,500 parts 
solution of malathion or a 1 to 1,500-2,000 .arts solution of DDVP 
{|dichlurvos}] emulsion according to the anticipation and forecast of 
insect infestations before or after the harvest of the preceding crop. 


AVIi. Cotton Two-spotted Spider Mite 


Law of Development: The pests may reproduce more thar 20 generations a 
year in the southern cotton growics areas and 12 to 15 generations in 
the northern cotton growing areas. In the north, they pass the winter 
as female insects concealing themselves in soil clods, fallen leaves 

and the rhizospheres of weeds, while in the south, they hibernate on host 
plants elther as female insects or as eggs, or even in any of the other 
forms in the development of the insect. With the return of warm weather 
in spring, the overwintering female insects will wait for the mean 
temperature to rise above 5° to 7°C before stirring and laying their 
sees, and the eggs will hatch in succession when the temperature tops 
10°C. They cause damage to the host plants in early spring. Tlollowing 
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the emergence of cotton seedlings, they will migrate one after another 
to the young plants. Infestations by cotton two-spotted spider nites 
are most severe in a year of drought. 


Methods of Treatment and Control: 


(1) Remove weeds in carly spring and apply G.3 to 0.5 Beume degree of 
lime sulfur to the host plants of cotton two-spotted spider mites as a 
means of control. 


(2) Alternate applications of a 1 to 2,000 parts solution of 5) percent 
Baumenfon emulsible oil, a 1 to 1,500 parts solution of 40 percent 
dimethoate emulsion, 4 1 to 1,500 parts solution of 80 percent DDVP 
[dichlorvos] emulsion, 0.2-0.3 Baume degree of lime sulfur, and a 1 to 
800 parts solution of 20 percent trichloroparacide. ‘pot application or 
general application should be carried owt in accordence with the exten 
of infestations. In post control, two or three applications should be 
undertaken in succession. It is best to carry out a thorough ex:.rmina- 
tion of the pests before they go into hiding. 


XVIII. Cotton Thrips 


Law of Development: Cotton thrips reproduce 6 to 10 generations a year 
in the Hebei area and upward of 10 generations in the cotton growing 
areas of the Chang Jiang Valley. They have 4 number of host plants. 

In winter they hibernate on onion and garlic plants and among vetch and 
weeds. They begin overrunning cotton fields in April and May, with May 
and June as the peak of infestation. It ‘s most favorable for them to 
reproduce between April and June, when the temperature is below 25°C, 
relative humidity is under 60 percent, and rainfall over a 10-day period 
does rot exceed 30 millimeters. 


Methods of Treatment and Control: 


(1) Thrip control outside of cotton fields: Aside from the removal of 
weeds growing on the edges of the ‘ields, dust onion, garlic and other 
blooming plants in vegetable gardets with 1 percent BHC powder at the 
rate of 2 or 3 catties per mou or spray with a 1 to 200 parts solution 
of 6 percent BHC wettable powder. 


(2) Dust cotton seedlings at daybreak with 1 percent PHC powder at the 
rate of 2 or 3 catties per mou. 


XIX. Blind votton Bugs (Green Blind Cotton Bugs, “edium Black Slind 
Cotton Bugs, Blind Alfalfa Bigs) 


Law of Development: Green blind cotton bugs reproduce three to five 
generations a year in the Hebei area and five generations in the cotton 
growing areas of the Yangtze valley. They pass the winter as e:,¢6 on 
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alfalfa plints and in stems of castor-oil plants, broken limbs of 
hisbiscus and weeds of the artemisia family. The following year, the 
eges begin to hatch between March and April or at the beginning of May. 
(The eggs cf the green blind cotton bug begin to hatch when the teupere- 
ture stays above 11°C over a 10-day period and relative humidity is over 
60 percent.) Adult insects sprout wings in early May or during the month 
of June. Symphs and adults of the first generation and nymphs of the 
second generation mostly infest fields of vwetch, Chinese milk vetch and 
alfalfa, and then move om to cotton fields to feed on the tender heads 
and young leaves in June. Insects of the third generation cause injury 
to cotton squares and flowers in mid-to-late July, and those of the 
fourth and fifth generations swarm fields of serotinous cotton crops, 
respectively in mid-to-late August and mid-to-late September. 


Methods of Treatment and Control: 


(1) Remove weeds in early spring. In the last 10 days of May, dust 
green manure seed plots or alfalfa fields with 1 percent BHC powder at 
the rate of about 3 catties per mou. 


(2) Dust cotton flelds with 1 percent BHC powder or 2.5 percent dipterex 
powder at the rate of 2 to 4 catties per mou. It is best to seize the 
time when the weather clears after a rain to sprinkie the crop from the 
sides of the field toward the center so as co centralize the application 


and avoid ciffusion of the dust. 
XX. Cotton Pink Bollworm 


Law of Development: in our country there are infestations by cotton pink 
bollworms in cotton growlng areas everywhere except inland cotton growing 
areas in the Northwest and the northern part of Shanxi Province. Gen- 
erally, the pink bollworms reproduce two generat‘ons a year north of 
latitude 40°N, two to three generations between atitudes 34° and 40°N, 
three to four generations between latitudes 26° and 34°N, end upward of 
five generations south of latitude 26°N. Everywhere they pass the vinter 


as mature .arvee within cracks in the walls ¢f storehouses, in containers 
used to sun and hold cotto:, smd amon, cottca stubble and wilted bolls. 
The basic number of these overwintering larvae determines the magnitude 
of emergence of the first generation as well as the extent of infesta- 
tions che tellowing vear. Infestations by cotton pink bollworms come 
early te cction fleids where squares appear early and blossom early. 

When the air temperature is Setween 21° and 25°C, the higher the relae- 


tive humidity the greater the number of eggs laid by the edult insect. 


Methods of Treatment an entroa: 


(1) Control the pests during thetr overwintering period. Do well the 
work of centralizea cotton picking, sunning, storage and ginning, manacing 
storehouses and the containers used to sun and hold cottor., and disposing 
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of cotton stubble and wilted bolls. Adopt such measures as spraying 
storehoures with chemicals, breeding small golden bees, and fumigatiag 
cottonseed to be used for seed. Also, either burn the pericarps of 
cotton bolls or make them into compost. 


(2) In the control of first generation offspring of the pests, te key 
points to grasp are fields where cotton squares appear early; in the 
control of second generation offspring, the key points to grasp are 
fields where the state of growth is good and bolls are formed early; in 
the control of third generation offspring, the key points to grasp are 
fields where development and drying of the crop are late or delayed and 
autumn peaches grow luxuriantly. During the peak number of moths, as a 
means of control, dust with a mixture of 1.5 percent methyl parathion 
powder and 3 percent BHC powder at the rate of 4 to 7 catties per mou 
or a 3-in-i pesticide composed of equal parts of 1 percent BHC powder. 
2.5 percent dipterex powder and 5 percent DDT powder also at the rate of 
4 to 7 catties per mou, or spray with a 1 to 200 parts solution oi 25 
percent DDT emulsion, with a 1 to 1,500 parts solution of 50 percent 
parathion emulsion added, or a 1 to 1,509 parts solution of 90 percent 
crystal dipterex. 


XXI. Cotton Bollworm 


Law of Development: The cotton bollworm is a kind of omnivorous pest 
that lives on a number of host plants. The number of generations repro- 
duced varies greatly from year to year. Adult insects first emerge in 
early spring on such honey plants as alfalfa, turnip plants left to seed 
and Chinese celery cabbage. Therefore, the density of the insect popu- 
lation on the host plants in the early spring and the distance of a 
cotton field from the field of insect origin have a direct bearing on 
the magnitude of emergence of first generation offspring and the extent 
of infestations by them in that cotton field. Most favorable for the 
emergence of cotton bollworm are a temperature of 25° to 28°C and a 
relative humidity in excess of 70 percent. Infestations by the insect 
pests are .ight in a year that is dry, especially when there is little 
rainfall in July and August. Otherwise the opposite is true. The adult 
insect likes to pick a cotton field where growth is luxuriant and 
squares appear early to lay its eggs. Cotton plants growing tall and 
large, thereby closing the space between rows, and high humidity in the 
field are a help to the reproduction of cotton bollworms. In a cotton 
field the eggs, from which the first generation (actually the second 
generation) are to be hatched, are laid mostly on young tender leaves at 
the top part of a cotton plant. Thereafter, the eggs of future genera- 
tions are laid mostly on the bracts of squares, flowers and bolls, and 
on the young tender leaves of the main stem and fruiting branches. 

Newly hatched larvae first eat the eggshell, then feed on the young 
heads and tender leaves. Second instar larvae eat the young squares; 
third to fourth instar larvae cause injury to th« squares and flowers; 
fifth to sixth instar larvie swarm about the green bolls. At maturity, 
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the larvae burrow into the soil to a depth of about 5 centimeters and 
there they change into pupae. The adult insect does not tend to seek 
sugar and vinegar, but it has a very strong tendency to seek the short- 
wave rays of a black light lamp. 


Methods of Treatment and Control: 


(1) Trapping and killing of adult insects. Good results can be obtained 
in trapping or trapping and killing adult insects by placing one black 
light lamp in every 30 mou or planting 5 to 10 bundles of fresh-cut 
poplar twigs in every mou of cotton field. Also, fresh-cut twigs from 
locust trees, purple-spike locust trees, willows, silver poplars, maples, 
chestnut-leaved oaks and prides of China may be used. These should be 
tied into bundles as thick as the mouth of a rice bowl is wide. Every 
day, before the dew starts to dry, use a plastic bag to collect the moths 
from the twigs so as to keep down the density of the insect population in 
the field. 





(2) In cotton bollworm control, deal with the second generation relent- 
lessly and carry out spot treatments in fields where cotton squares 
emerge early so as to keep down the basic number of the insects. Since 
the third and fourth generations are the principal destructive genera- 
tions, full-coverage treatments must be combined with spot treatments. 
Owing to the overlapping of generations, treatments should be carried 
out continuously and spraying should be done at intervals of 3 to 5 days. 
In the southern cotton growing areas, control of the fifth generation is 
carried out mainly in cotton fields where development and drying of the 
crop are late or delayed. The occasion can be seized only through com- 
bining dusting with spraying and by beginning treatments (it is best to 
apply pesticides in powdery form) at the initial stage of hatching of 
insect eggs or at the peak of the laying season. Pesticides for the 
control of cotton bollworm in powdery form include: a mixture of 1.5 
percent methyl parathion and 3 percent BHC powder; a 3-in-1 mixture of 
equal parts of 1 percent BHC powder, 2.5 percent dipterex powder and 

5 percent DDT powder; and 2.5 percent BHC powder. All this should be 
applied at the rate of 4 to 7 catties per mou. Sprays that may be used 
include. a 1 to 200 parts solution of 25 percent DDT emulsion, with a 

1 to 1,500 parts solution of parathion emulsion added; a 1 to 800-1,000 
parts solution of 90 percent crystal dipterex; and a 1 to 1,000 parts 
solution of 80 percent DDVP [dichlorvos] emulsion. 


(3) Trapping and killing of middle- and old-aged larvae manually. In 
cotton fields where control work with chemicals is poor, manpower should 
be organized to trap and kill middle- and old-aged larvae in time so as 
to cut down pest infestations. The resistance to pesticides by larvae 
after their third instar will increase (the resistance by a fourth instar 
larva increases 10 times over that of a first instar larva) and con- 
tinued treatments with pesticides will not bring good results. Therefore, 
trapping and killing of the pests manually in a small number of heavily 
infested fields should be regarded as the main factor. 
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XXII. Cotton Leafhopper 


Law of Development: The cotton leafhopper is an omnivorous pest that 
emerges in all cotton growing areas. The number of generations it repro- 
duces in a year varies with locality. Reproduction is rapid and the 
magnitude of emergence is vast when temperatures are high, the weather 

is dry and illumination is strong. In hilly regions and in isolated 
cotton fields with grass growing on all sides, emergence of the pests 

is relatively frequent. Damage to cotton plants growing poorly is often 
severe due to their weak resistance. 


Methods of Treatment and Control: 


(1) Remove weeds from the edges of cotton fields to keep down the basic 
nmber of insect pests. 


(2) Use lighted lamps to trap and kill the pests. Very good results 
can be obtained in trapping and killing the pests by placing als..yside 
ditches and ponds at the edges of the fields basins full of water, with 
a few drops of kerosene added and a lighted lamp at the center. 


(3) Dust cotton fields with 2.5 percent dipterex powder from the edges 
of the field toward the center at the rate of 3 to 4 catties per mou. 


(4) Control of cotton leafhoppers may be carried out in conjunction 
with control of cotton pink bollworms and cotton bollworms. 


XXIII. Common Beet Beetle 


Law of Development: There are many kinds of common beet beetles. 
Already known are 15 different kinds, of which the common beet beetle 
and the Mongolian gray beetle pose relatively serious threat to beet 
crops. The pests produce one generation a year and pass the winter 
mostly as adults and partly as larvae of pupae within a soil layer 15 

to 30 centimeters deep in a sugar beet field or in land where weeds of 
the genus Chenopodiaceae grow. They begin to stir when the soil tempera- 
ture hovers between 4° and 5°C and appear on the ground surface when the 
daytime mean air temperature is between 10° and i2°C. According to an 
investigation conducted in Inner Mongolia and the Northwest region, the 
overwintering adult insects generally emerge in mid-April on the sunny 
side of land overgrown with weeds, in fields where sugar beets were 
planted the previous season and in some weedy saline-alkali land. They 
migrate to sugar beet fields during the period between late April and 
early May. The peak of infestation by the pests is between mid-May and 
early June in the Nei Monggoi Region and between late April and early-to- 
mid May in the Xinjiang sugar beet growing areas. The common beet beetle 
is adapted to hot and dry weather. Therefore, dry sandy soil, sandy loam 
or saline-alkali uncultivated land is most favorable to its development. 
In general, infestations by common beet beetles are relatively severe in 
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a year of drought. Yhe power of the overwintering adult insects to take 
wing is very strong. In early spring, when they surface from the ground, 
they hunt for food by crawling about. Toward noon, as sunlight increases 
in intensity, they reduce their activity and will lie hidden most of the 
time under soil clods in the vicinity of some young beet seedlings or 
within a layer of well-loosened topsoil. But under a clear sky, when the 
daytime mean air temperature is between 20° and 25°C and the top layer 
soil temperature exceeds 25°C, they will begin to fly away. The endurance 
of hunger of the adult insect is also very strong. It can eat nothing 

anu still survive for 60 to 70 days. 


Methods of Treatment and Control: 


(1) Practice crop rotation, reverse cropping, autumn deep plowing, 
autumn and winter irrigation, plowing under in the fall, spring irriga- 
tion of saline-alkali land, and improvement of the moisture condition 
of the soil so as to create external conditions unfavorable to the 
development and reproduction of common beet beetles. 


(2) Treat sugar beet seeds with 0.8 to 1 percent Thimet [a systemic 
insecticide containing an organic phosphoric compound] and later soaking 
them in water (60 percent water to weight volume of seeds) prior to 
planting. When young seedlings emerge above the soil, the perimeter of 
the sugar beet field may be dusted with 5 percent DDT or 6 percent BHC 
powder so as to create a "cordon sanitaire." 


(3) Use al to 150-200 parts solution of equal parts of 6 percent BHC 
wettable powder and 50 percent DDT emulsion in spraying sugar beet fields 
two or three tives when infestations by common beet beetles occur during 
the seedling stage. Such spraying also can control other pests during 
this perioc. 


XXIV. Jumping Beetle 


Law of Development: There are many kinds of jumping beetles. Of these, 
the narrow-striped jumping beetle, wide-striped jumping beetle and wheat 
jumping beetle cause relatively severe infestations in sugar beet crops. 
The adults of the pests feed on the young tender leaves of sugar beet at 
the very beginning, making small holes in the blades, and later com- 
pletely eat the above-ground parts of the young seedlings. These several 
kinds of jumping beetles are omni orous. Aside from feeding on sugar 
beets, they also cause damage in varying degrees to many crops, including 
rape and ve,etables. The jumping beetle reproduces three or four genera- 
tions a year. The offspring pass the winter as adult insects under layers 
of dead branches and fallen leaves, among weeds and within cracks in the 
soil. The following year, in early spring, when temperature in the top- 
soil layer reaches 8° to 9°C, the insects begin to come to life, feeding 
on young tender leaves of many kinds of weeds. They begin to migrate to 
sugar beet fields after young seedlings of the crop emerge above the soil. 
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When the daytime mean air temperature is 20°C, the overwintering adult 
insects begin to lay their eggs, mostly within the rhizospheres of young 
beet seedlings or in soil cracks in the vicinity. After 10 days, the 
eggs hatch, producing larvae. These larvae feed on the roots of the 
beet seedlings, starting with the lateral roots and gradually eating 
their way to the main roots. This causes yellow lesions to form on the 
main roots, affecting the normal growth of the beet plants, and even 
causing the entire plant to wilt and die. After twice casting off its 
skin, the larva becomes a third instar mature larva. It pupates within 
the topsoil layer and later sprouts wings and becomes an adult to con- 
tinue causing harm to sugar beet and other crops. 


Methods of Treatment and Control: 


(1) Maintain sanitation in the fields by removing al! weeds so as to 
cut down the number of overwintering places and food sources for the 
insect pests. 


(2) Trap the insects manually. In light of the fact that the jumping 
beetle has the habit of leaping, splash some glutinous rice soup on a 
broom and then use the broom to sweep the ground twice in the vicinity 
of the beet seedlings. Jumping beetles will immediately stick to the 
broom. Or splash some of the rice soup on a torn jute bag and let two 
persons drag the bag along their path between two rows of beet seedlings. 
Disturbed, the jumping beetles will leap and stick to the bag. 


(3) Use 6 percent BHC powder or 6 percent wettable BHC powder to dust 
or spray the fields at the rate of 3 catties per mou. The percentage of 
kill may be as high as 90 to 95 percent. 


Prediction and Forecasting of Some Plant Diseases and Insect Pests 
l. Blast of Rice 
A. Professional Prediction 


(1) Estimate the trend of disease development during the year. The trend 
of disease development may be estimated in accordance with the circum- 
stances of disease development, type of disease, disposal of affected 
weeds, acreage planted to disease-resistant varieties, cropping system 

and manuring standard in the past year, and also the long-term weather 
forecast and the number of rainy days during the tillering period and 
heading stage of rice. 


(2) Prediction of disease development: 
(a) Predict the time of the first occurrence of the disease in the 


fields (including seedling beds) according to the time of commencement 
of sporulation on overwintering infected weeds. In general, diseased 
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plants may be found in the fields 30 to 40 days after spores are first 
detected on overwintering infected weeds. 


(b) Direct field inspection: In the light of data on the outbreak of 
the disease locally year after year, begin field inspection from the time 
that the daytime mean air temperature rises about 20°C. First inspect 
the young rice seedlings that are growing well on the edges of villages, 
at the corners of houses, in shady places under trees, on remnant compost 
grounds, and at the base of grass-mud pits. Immediately after diseased 
plants are detected for the ‘irst time in the fields, put forth and 
circulate a notice of prediction and mobilize the masses to conduct a 
general inspection so as to find out and eliminate in time the center 
where the disease occurs and control the spread of the disease. 


(c) Prediction of the trend of development of leaf blast: Following 
the emergence of a center where the disease occurs in the field, if the 
variety planted is susceptible to the disease, if growth is yellowish- 
green and if the weather forecast is for much rain, the disease will 
usually break out anywhere from 7 to 9 days later and the condition will 
worsen 10 to 14 days later. However, whether leaf blast will spread 
widely or not depends on the type of lesions formed. If an acute type 
of lesions is found to have appeared on the leaves in succession during 
a late phase of the nursery stage (principally of late-maturing rice) or 
during the tillering period and these lesions increase sharply in number 
day after day, it indicates that leaf blast will occur on a large scale 
within 3 to 5 days. An alarm should then be sounded and control measures 
should be taken immediately. 


(d) Prediction of the occurrence and trend of development of panicle 
blast: Panicle blast is likely to occur and spread rapidly if during 
field inspections in the panicle forming stage leaf blast is found to 

be on the increase, especially when it is accompanied by the appearance 
of an acute type of lesions on the flag leaves and by an increase in the 
number of flag leaves and nodes affected, and if the weather forecast 
calls for much rain during the heading stage of early cropping rice or 
an invasion of low temperatures below 20°C during the heading stage of 
double-cropping late rice. A notice of anticipation of the occurrence 
of the disease should then be issued and control work organized promptly. 


B. Checking of Production Teams 


In the light of professional prediction, carry out field inspections, 
keep a close watch on actual conditions locally and do well the work of 
standardizing target fields for pest control. 


(lt) All fields, where rice seedlings are planted too closely and are 
growing yellowish-green, or after transplanting, the leaves appear to 
have spread out to form an awning, should be marked as target fields for 
control if the rice is not of a disease-resistant variety and lesions of 
the acute type are torming on the leaves one after another. 


570 











(2) All fields, where the leaf color is dark and does not fade during 
the panicle forming stage, or the crop has been infected with leaf 
blast during the tillering period and although the percentage of dis- 
eased leaves is not high at present, but is rising and lesions of the 
acute type are forming on the flag leaves, or although the flag leaves 
themselves show no sign of the disease, but symptoms have been detected 
on the leaves and nodes of the flag leaves, should be marked as target 
fields for spot control. 


(3) No matter whether it is double-cropping rice or single-cropping rice, 
all fields on the periphery of a heavily infected field should be marked 
as target fields for control so long as the crop is in the panicle 
forming stage. The closer to the infected field the greater the danger 
of an outbreak, therefore the more attention should be paid to control. 


II. Rice Stem Borer 
A. Professional Prediction 


(1) Investigate the density of the insect population, the degree of 
progress of pupation, the density of the egg masses and the degree of 
progress in hatching. 


(2) Contents and methods of prediction: Conduct a comprehensive 
analysis on the basis of such factors as found in the investigations 
and the weather and natural enemies of the pest, and in the light of 
historical data, make an estimate as to the time and magnitude of 
emergence as a guide to control work. 


(a) Prediction of the time of emergence: 


(1) Application of the degree of progress of pupation to making an 
estimate: In accordance with the pupation of larvae of the preceding 
generation (the emphasis is on the overwintering generation and the 
first generation), the degree of progress of wing formation and the 
length of the pupal stage in the corresponding period year after year, 
predict the time of emergence of the Pyralid moths of the succeeding 
generation. Then, in accordance with the predicted time of emergence 
of Pyralid moths and the length of the egg stage of the corresponding 
generation over the years and the time prior to the laying season, make 
a prediction as to the hatching date of the moth eggs as a guide for 
the masses to investigate the insects and adopt control measures. 


Prediction of the beginning of the peak number of moths: The date on 
which the pupation rate reaches about 30 percent plus the length of the 
pupal stage locally in the corresponding period in ordinary years is the 
beginning of the peak number of moths. 
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Prediction of the peak number of moths: The date on which the pupation 
rate reaches about 50 percent plus the length of the pupal stage locally 
in the corresponding period in ordinary years is the peak period for 

the most number of moths. 


Then, according to the predicted commencement and the peak for the num- 
ber of moths, add the length of time prior to the laying season and the 
length of the egg stage in the corresponding period in ordinary years, 

and that gives the dates of commencement and the peak for eggs hatching. 


(ii) Use a lighted lamp to trap some adult insects in order to verify 
the peak of wing formation and revise the peak hatching of ant-moths 
{yiming 5852 5820]. Then inspect the surface color of the egg masses 
and further revise the peak period for hatching of the ant-moths. 


(b) Prediction of the magnitude of emergence and rate of injury to 
paddy rice: Make an estimate in terms of such factors as the density 
of insect population, death rate and quantity of eggs laid. 


Total number of moths emerging in an area under observation = number of 
live insects of the preceding generation x (1 - death rate following 
investigation of the density of the insect population) 


Total quantity of eggs laid in an area under observation = total number 
of moths emerging x percentage of female moths (generally calculated at 
50 percent) x number of egg masses laid by one female moth 


Average number of egg masses per mou of field = total quantity of eggs 
laid + area of distribution range 


Estimate the rate of injury caused by moths to crops according to the 
average density of egg masses per mou of paddy field and in light of the 
number of plants damaged by each egg mass laid by moths of the corre- 
sponding generation in a crop of rice of the same type in past years. 


B. Checking of Production Teams 


Investigate the conditions of infestation by rice stem borers in 
accordance with the professional forecast and designate target fields 
for control and determine the appropriate time for pesticides to be 
applied. 


(1) Time of checking: In accordance with the forecast, start checking 
about 5 days after the commencement of the peak of the number of moths 
or when wilted sheaths are noticed for the first time. Check once 
every 3 days. 


(2) Methods of checking and sampling: With one production team as a 
unit, identify the types of paddy field according to the crop variety 


572 














and time o: transplanting, and check two or three mounds in a representa- 
tive field of each type. Quantity to be checked on each mound: Check 
200 clusters of rice plants for wilting sheaths by adopting the single- 
row, straight-line method of sampling and check 10 to 20 square meters 

of field for plants damaged by the insect pests. 


(3) Pest controls in target fields and favorable time for application 
of chemicals: 


Control of seedlings with a necrotic stem: All plots should be marked 
out as target fields for full-coverage spraying or dusting when, on the 
average, 20 to 30 wilted sheaths appear in every 100 clusters of rice 
plants. Generally, chemicals may be applied as soon as seedlings with 
a necrotic stem begin appearing sporadically. A second application 
should be made if the number of newly wilted sheaths reaches the above- 
mentioned norm for control. If the number does not reach that norm in 
some plots several days after the peak hatching of egg masses, spot 
applications of chemicals should be made in those plots by the method 
of "(forming] regiments to capture wilted sheaths.” 


Control of damage to plants by the insect pests: All plots should be 
designated as target fields for full-coverage spraying or dusting and 
treated immediately when, on the average, there is one plant (or cluster 
of plants) in every 10 square meters that has been damaged all at once 
by the pests. The plots should be checked again 7 days later and a 
second application of chemicals should be made if the number of newly 
damaged plants again reaches the above-mentioned norm for control and 
the crop is still in the premilk ripe stage. If the number of newly 
damaged plants does not reach that norm, the method of checking for 
yellow tips and making spot applications may be adopted. 


IIl. Wheat Rust 
A. Professional Prediction 


(1) Do well the work of checking for symptoms of wheat rust: The objec- 
tive is to grasp the symptoms of the disease during the autumn seedling 
Stage, the pre-vernal stage and the late growth stage of wheat. In the 
main, it may be divided into general investigation and systematic 
investigation of the development of symptoms. In a general investiga- 
tion, about 10 plots in a wheat field in which a disease-susceptible 
variety has been sown early and conditions are good for the disease to 
break out, may be selected and checked twice--once before the over- 
wintering period and once in the spring--for universality and severity 
of the disease. In a systematic investigation, systematic observations 
at fixed points in an infected field should be made. Generally, these 
are carried out in spring following the detection of the disease. In 
key areas, where stem rust is also anticipated to be prevalent, trapping 
of spores in the air to determine their number should be carried out, if 
the conditions are there. 
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(2) Prediction of the degree of prevalence of the disease: In the main, 
the method of comprehensive analysis should be adopted. This means 
making a comparison taking into account the key factors for the spread 

of the disease locally between the data in hand on symptoms of the 
disease and the trends as well as forecast values in the weather out- 
look concerning temperatures and precipitation, and the deta on out- 
breaks of rust disease and the weather over the years to determine which 
factors are conducive to the spread of the disease and which are not, 

and then making a prediction of the degree of prevalence through weigh- 
ing and analyzing all the factors. 


(a) Stripe rust: 


(i) Pre-winter prediction: If autumn seedlings are infected with the 
disease universally, the moisture condition in the soil is good, and the 
weather forecast calls for much precipitation between March and May the 
following year, then it is possible that the disease will spread either 
widely or moderately. 


(ii) Early spring prediction: If the percentage of overwintering 
pathogens is high, the basic number of sources of pathogens in the field 
in early spring is vast, warm temperatures return early, and the spring 
rain is plentiful, then stripe rust will spread either widely or mod- 
erately. 


(b) Stem rust: 


(i) Pre-winter prediction: In the East China area, if the autumn seed- 
lings are infected with the disease universally and in particular in the 
Fujian-Cuangdong region to the southeast, if the attack on autumn seed- 
lings is severe, and if the weather is warm in winter and the forecast 
calls for the early return of high temperatures and much precipitation 

in spring, then it is possible that the disease will spread either widely 
or moderately. 


(ii) Spring prediction: High temperatures and plentiful rain, an early 
outbreak of the disease in spring, the existence of pathogens in large 
numbers unc the delayed development of wheat are all conducive to the 
spread of the disease. 


(iii) Preciction for spring wheat growing areas: In the Northeast 
provinces and Nei Monggol, stem rust is likely to spread if the attack 
on winter wheat is severe in areas within the passes of the Great Wall, 
the weather forecast calls for rather low temperatures in May and June, 
wheat development is delayed, and rain is plentiful in June and July. 


(c) Leaf rust: In the main, make a comprehensive analysis on the basis 
of three factors, namely: 1) the quantity of overwintering pathogens, 
2) if any, the amount of spring precipitation, 3) the temperatures in 
early spring, in combination with the variety of wheat planted. 
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B. Checking of Production Teams 


(1) If the rust disease occurs early in the spring and is relatively 
universal and severe, and the weather forecast calls for relatively 
plentiful spring rain (if warm temperatures return early, it makes it 
better for stem rust and leaf rust to spread widely), and given condi- 
tions that much of the wheat planted is of the disease-susceptible 
variety, then it is possible that the disease will be widespread. 
Preparations for chemical control should be made and field inspections 
strengthened as soon as possible. 


(2) When symptoms of the disease in one of the fields ‘nspected 
approach the norm for chemical control, manpower should be organized 
immediately to conduct a general inspection of all wheat fields planted 
with a disease-susceptible variety. Then, in accordance with the degree 
of severity of the disease in the various fi-‘--. arrange the key voincs 
for control to be put in force and the se, ' '¢ chemicals to oe 
applied. 


(3) Norms for chemical control: The norms for chemical control to be 
put in force are closely connected with the degree of prevalence of the 
rust disease, the rate of development of disease symptoms and the char- 
acteristics of the chemicals to be applied. The conditions are rela- 
tively complex and the norms presented below are merely for reference. 


(a) Stripe rust: When such chemicals as Sodium p-aminobenzene sulfonate 
and p-Aminobenzene sulfonic acid are used in the spring given conditions 
of a possible widespread outbreak of the rust disease, begin applications 
during the period from the jointing stage to the heading stage of wheat 
when the percentage of universality (the percentage of diseased leaves) 
in the field reaches approximately 1 percent, with the last application 
to be made about 20 days before the wheat harvest. If such a protective 
agent as lime sulfur is used, begin applications before the percentage 

of universality in the field reaches 0.5 percent. 


(b) Stem rust: Begin treatment with chemicals as soon as wheat enters 
the blooming and filling stage and the percentage of universality (the 
percentage of diseased leaves) in the field reaches 1 to 5 percent. 


(c) Leaf rust: Begin treatment with chemicals during the period from 
the spike forming stage .* the heading stage of wheat when the per- 


centage of universality (the percentage of diseased leaves) reaches 
about 5 percent. 


IV. Armyvorm 
A. Professional Prediction 


(1) Observation of adult insects: Use a moth detector or trap some 
insect pests with bunches of poplar twigs or twisted bunches of grass 
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wet with a sugar and vinegar solution to ascertair the number of moths 
emerging a. well as to check the degree of develo,’ 2nt of the reproduc- 
tive systeus of male and female insects. (The ingredients in the sugar 
and vinega~ solution to be used in luring the insects consist of: brown 
sugar, 0.75 catty; vinegar, 1 catty; white wine, 0.25 catty; water, 0.5 
catty; 6 percent wettable BHC powder, 0.025 catty.) 


(2) Checking the quantity of the egg masses: Use bunches of rive straw 
to attract moths to lay their eggs there in the wheat fields and examine 
r> segs in the fields of other crops. 


(3) Checking of larvae: Investigate the time of emergerice of larvae, 
their dens ty and length of life, grasp the extent of insect emergence 
and the types of crops infested by them, and ascertain the plots and the 
favorable time for control to be put in force so as to provide a guide 
to controliing the larvae. 


(4) Methocs of making a forecast: 

(a) Forecasting hatching time. 

(i) Methoa of effective heat accumulation: Owing to a difference in 
the number of days of incubation of the insect egg in various places, 
prediction of the time of emergence of the larva may be made by first 
calculatin;, the number of days of incubation of the egg according to 

the following formula: 





T-C 


(N is the rumber of davs of incubation of the egg, K is constant of effec- 
tive heat accumulation, C is temperature at the starting point of incuba- 
tion, T is mean temperature for next 10 days) 


(ii) Methed of length of various stages of insect form: Determine the 
peak of the laying season and reckon the hatching date and peak for the 
highest nurber of third instar larvae (i.e., the favorable time for put- 
ting contre] in force) by making use of the data accumulated over the 
years on the number of days required by the local armyworm in going 
through the various stages of insect form in its life and in light of 
the results of luring the adult insect to lay its eggs on bundles of 
rice straw and examining the egg masses laid in the field. 


(iii) Pherologica! method: There exists between the time of emergence 
of armyworms and the growth period o1 cheir host plants or other plants 

a certain phenological relationship, which may serve as a phenological 
indication to the time of emergence of armyworms. For example, according 
to observations conducted in Shandong Province, the jointing stage of 
wheat occurs at exactly the same time as the peak number of the over- 
wintering ;eneration of adult insects; the peak hatching of larvae is 

2 or 3 days before the heading stage of wheat; and wheat enters the 
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blooming per.od 4 to 7 days after the heading stage just when the larvae 
begin the third instar of their life, which is also the favorable time 
for pest control to be put in force. Such phenological data may be 
collected locally in various places so as to anticipate the time of 
emergence of armyvworm. 


(b) Forecasting of the magnitude of emergence: On the basis of the 
data collected over the years on the emergence of armyworms, grade its 
magnitude for reference according to the extent of emergence, density 
and the number of moths trapped and killed, as follows: large-scale 
emergence, medium-scale emergence and small-scale emergence. Then, in 
light of the number of moths trapped and killed, the veather and the 
results of examining the state of growth of crops over a certain period 
in those year, «tudy and analyze che data and predict the trend of 
emergence cf the insect pests. 


(5) Favorable cis a: norm for pest control: On the basis of strength- 
ening prediction 4: forecasting and stepping up a general investigation 
of the pest situation, handle precisely the insect sitwation and seize a 
favorable time to eliminate armyworms during the moth stage, egg stage 
or the second to third instar larval stage. A norm for pest control is 
given below tor reference: Control is necessary when, on the average, 
worms (in their early years) number 5 to 10 per square meter of field 
for wheat, 5 per square meter of field for millet, 20 to 30 per 100 
plants during the szedling stage and 50 to 100 during the intermediate 
and late stages of growth for corn and gaoliang, and 1,000 to 2,000 per 
mou of field dur‘ng the panicle forming stage for paddy rice. 


B. Checking of Production Teams 


(Ll) Investigate the circumstances surrounding the emergence of the 
adult insects, egg masses and larvae. 


(2) Analysis of the insect situation: Organize a general investigation 
of the pest situation when insect eggs are detected for the first time. 
According to the egg situation, forecast the degree of severity, trend 
and time of emergence of larvae and the favorable time for pest control 
to be put in force. 


(3) Favorable time and norm for pest control: The norm for pest con- 
trol should be in accordance with the norm established by the specialized 
pest control station. The favorable time for pest control is when the 
eges are hatched for the most part and the number of second to third 
instar larvae exceeds 50 percent. Then manpower should be organized 

duly to put control in force. The method of telling the age of a larva 
consists mainly of looking at the size of its head and the length of its 
body. Generally, when the head is smaller than a grain (unhulled aillet), 
it is that of a pre-third instar larva and when the head is bigger than a 
grain, it is that of a post-‘ourch instar larva. 
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days within a range of variables. 


Key: 
l. Stags of growth 8. 
2. Temperature (°C) 9. 
3. Number of days required 10. 
4. Egp stage ll. 
5. Larval stage 12. 
6. First instar larva 13. 
7. Second instar larva 14, 
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Third instar larva 
Fourth instar larva 
Fifth instar larva 
Sixth instar larva 
Pupal stage 

Ege-laying adult insect 
Entire growth period 











V. Black Cutworm 
A. Professional Prediction 
(1) Prediction of time of emergence: 


(a) Mid-term prediction: According to an analysis of local historical 
data dating back at least 5 years, obtain the average time gap between 
the first peak number of moths of the overwintering generation and the 
favorable time for pest control (when 80 percent of the eggs are hatched 
or second instar larvae are at their peak number). If the air tempera- 
tures tend to be high in late March or low in mid-April, the time wii? 
possibly have to be advanced or delayed about 5 days. It may also be 
corrected by short-term prediction and forecasting. Or predict the peak 
of the laying season in the field and the favorable time for pest con- 
trol on the basis of an examination of the degree of development of 
female moths locally in the same year. 


(b) Short-term prediction: Temperatures in March and April are the main 
factor influencing the length of the egg and larval stages of the black 
cutworm. From the day that the peak of the laying season in the field 

is determined, add the corresponding length of the egg stage in terms of 
the weather forecast which gives the peak of the hatching period. Add to 
this the length cf the development stage of first instar larvae and it 
gives the peak for the most second instar larvae (and the favorable time 
for pest control to be put in force). 


(2) Prediction of the magnitude of emergence: In general, an analysis 
may be made according to the following conditions: 


(a) Insect sources: If the count of the adult insects of the over- 
wintering generation is high and, in particular, if the ratio between 
the moth count and that of female moths shows a marked increase over the 
average in normal years, then it may constitute the basic number of 
insects in a year of large-scale emergence or emergence with a serious 
extent. 


(b) Weather: A relatively plentiful amount of rain in the autum of the 
preceding year and an agreeable or a small amount of rainfall, with no 
heavy downpour or cold temperatures, in the spring during the peak hatch- 
ing of the eggs of the first generation are to the advantage of the 
emergence of black cutworms. If the basic number of insects is high, 
then it is possible that the emergence will be on a large scale. 


(3) Favorable time and norm for pest control: Because of differences 
in the farming system, crop planning and weather conditions in various 
places, the favorable time for pest control as well as the norm for such 
controi may be set locally in a manner suitable to that particular 
place. 
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B. Checking of Production Teams 


(1) Check the length of the life of the larvae and fix the date for 
enforcing pest control. Select two or three representative plots and 
inspect each plot two or three times to check on the length of life of 
larvae at the beginning of the peak of the hatching period according to 
the prediction of specialized personnel. The favorable time for pest 
control to be put in force (the peak number of second instar larvae) 

is when it is discovered that first to second instar larvae constitute 
about 70 percent of the insect population and the second instar larvae 
among them make up about 40 percent. 


(2) Check the number of affected plants and the number of larvae, and 
designate plots for pest control: Conduct a general investigation of 
spring-planted fields or make a spot check of fields according to their 
types and enforce pest control in those fields in which the norm for 
control is reached. 


VI. Cotton Bollworm 
A. Professional Prediction 


(1) Investigate the basic number of overwintering pupae. Conduct an 
investigation of the density of overwintering pupae of cotton bollworm 
as well as the distribution of their places of hibernation to provide a 
basis for adopting control measures during the winter months and for 
predicting and forecasting the magnitude of emergence of the first gen- 
eration in the coming year. Select plots of different types from among 
fields of host crops, such as cotton, corn, gaoliang and vegetables, 
which have been devastated mainly by the last generation of cotton boll- 
worms. Treatments should be carried out in accordance with the local 
growth conditions of host plants and the circumstances surrounding the 
emergence of cotton bollworms. With a 1 square meter as a unit, take 
random sampling in not less than 30 square meters of field for each 

type of host crop, record the count of overwintering pupae and determine 
their density per mou. When investigating such special environs as the 
edges and sides of dams, ditches, fields (raised paths between fields), 
ponds, roads and embankments, attention should be paid to the side 
exposed to the sunlight. The count of pupae in those places should also 
be made with 1 square meter as a unit. Investigate once before winter 
and once after spring. Before the new year, conduct the investigation 
prior to the beginning of winter plowing; after the new year, conduct 
the investigation prior to the formation of wings by the overwintering 
pupae. 


(2) Prediction of the emergence of the second generation: 


(a) Examine the larvae of the first generation and predict the emergence 
of the second generation. Every year, examine the principal host plants 
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of the first generation locally. Sampling of the host plants that have 
been planted by drilling or closely together may be taken with 1 square 
meter of field as a unit. Take samples from 10 points in every type of 
field. Sampling of host plants that have been planted singly in one hole 
or sparsely may be taken with one plant as a unit. Examine 100 to 200 
plants and determine the density of larvae per mou. Bring the larvae 
found in these investigations indoors, analyze the length of life of the 
larvae, anc on the basis of locally collected data on the length of the 
developmental stages of various insect forms and the growth conditions 

of their host plants, predict the extent of the emergence of the second 
generation. The number of larvae examined should not be iess than 30 in 
order to raise the accuracy of prediction. Generally, the investigaticn 
should be conducted once or twice in the month of May (during early-to-mid 
May in the South and during mid-to-late May in the North), when larvae 

of the fourth instar and above constitute a majority of the insect popu- 
lation. 


(b) Trapping and killing of moths and examination of their eggs during 
the time of emergence of the second generation: Set the favorable time 
for pest control to be put in force on the basis of the above prediction 
and in accordance with the actual emergence of the moths and the results 
of examining their eggs. Guide pest control work in the field accord- 
ingly. 


(3) Prediction of the emergence of the third and fourth generations: 


(a) Draw a curve indicating the rise and fall in the quantity of eggs 
laid by the two gexcr2tions on the basis of results of examining fixed 
plants in plots of different types, and reckon the time of emergence of 
the third generation. 


(b) During the time of emergence of the second generation, collect eggs 
or larvae by batches in conjunction with field investigations and feed 
them indoors. Reckon the time of emergence of the third generation 
according to the results of feeding the insects and by adding the cor- 
responding lengths of the developmental stages of various insect forms. 


(c) During the time of emergence of the second generation, collect 
larvae by batches and analyze the length of their life. Reckon the 
time of emergence of the third generation by adding the corresponding 
lengths of the developmental stages of various insect forms. 


The above three methods may be adopted in combination with one another. 
In the southern cotton growing areas, aside from inspecting cotton 

fields, it is necessary to consider investigating other local hosts of 
the pests in order to grasp the major insect sources in that locality. 


(d) Conduct examinations of fixed plants at regular intervals in plots 
of different types in line with the methods of investigation of the 
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second generation and make forecasts in the light of circumstances sur- 
rounding the trapping and killing of moths and the examination of their 
eggs. After the third generation, the number of plants to be inspected 
in each plot may be reduced to 50 (this number is 100 in investigations 
conducted during the emergence of the second generation). 


(e) The methods of forecasting the emergence of the fourth generation 
are the same as for the third generation. Checking of the rise and fall 
in the quantity of eggs laid and collections of eggs and larvae may be 
carried out in fields of the principal host plants of the third genera- 
tion. 


(f) A sudden rise in the quantity of eggs laid, signaling the beginning 
of the peak of the laying season, is still the criterion for pest con- 
trol being put in force for the first time. In the northern cotton 
growing areas, this may also be determined by comparing the quantity of 
eggs laid on every 100 plants. 


B. Checking of Production Teams 


(1) Carry out the work of trapping and killing moths with tree twigs 
and blanket elimination of the pests according to the professional 
forecasts. 


(2) Begin a general investigation of the cotton fields of a production 
team according to the professional forecasts. Select two or three plots 
of each of the different types of cotton fields and take samples at 
random. Examine 100 plants in every plot before the month of July and 
50 plants after July, and record the number of eggs found. When the 
number of eggs rises abruptly to about 15 per 100 plants, begin treat- 
ment immediately and repeat the treatment at an interval of 3 to 5 days. 
After the treatments, it is necessary to check the results and if the 
larva count per 100 plants again reaches 5, an additional treatment is 
required. Five to 7 days after this second treatment, if the quantity 
of eggs laid per 100 plants remains above the norm for pest control, it 
is necessary to continue the treatments. 


(3) In the southern cotton growing areas, infestations caused by the 
third and fourth generations in crops are serious. The time of emergence 
of the fourth generation in particular is long and the quantity of eggs 
laid is enormous. In the main, the norm for pest control being put in 
force is based on a sudden rise in the quantity of eggs laid and the 
favorable time for the first treatment to be made is the beginning of the 
peak of the laying season. 
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Targets of Prevention of Principal Agricultural Chemicals and Methods of 
Application 


I. Insecticides 
A. Dipterex 


Properties: It is an organic phosphorous insecticide. It has the effect 
of a powerful stomach poison as well as a contact poison. It is a potent 
insect poison, but its residual effect is short. It has a low toxicity 
to man and animals, but it is most effective against insects belonging to 
the orders Diptera, Lepidoptera and Coleoptera. Products consist chiefly 
of 90 percent crystal dipterex and 2.5 percent dipterex powder. 


Directions for Use: 


(1) Dust: Use 2.5 percent dipterex dust at the rate of 3 to 5 catties 
per mou to control such insects as cotton loopers, insects of tlic species 
Earias cupreoviridis Walker, rice leaf-rollers, rice planthoppers, vege- 
table worms, armyworms and 28-spotted lady beetles. 


(2) Spray: Use al to 800-1,000 part solution of 90 percent crystal 
dipterex to control such insects as tea loopers, insects of the species 
Hyponomeuta malinella Zeller and Illiberis pruni Dyar, yellow-striped 
jumping beetles and diagonally-striped noctuid moths. Use 90 percent 
crystal dipterex at the rate of 2 to 3 liang per mou, mixed in 600 to 
800 catties of water, to control such insects as rice plant skippers and 
rice stem borers. 


(3) Poison bait: Use a poison bait, made up of 1 catty of 90 percent 
crystal dipterex and 100 catties of bait material, to trap and kill such 
insects as cutworms and weevils. One percent of the poison bait, with a 
small amount of sugar added, may be used to trap-kill houseflies. 


Things To Heed: 


(1) Gaoliang and bean crops are susceptible to this chemical and there- 
fore prone to insecticide damage. 


(2) The effect of the insecticide on insects with biting mouth-parts is 
remarkable, but poor on insects with sucking mouth-parts, such as aphids 
and two-spotted spider mites. 


(3) The insecticide has a short residual effect. Therefore, it should 
be used as it is prepared and should not be left unused over a long 
period of time. 
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B. DDVP (Dichlorvos) 


Properties: It is an organic phosphorous insecticide. An oily liquid, 
it is highiy volatile and has the effect of a contact poison, fumigant 
and stomach poison. It is highly toxic to insects and takes effect fast, 
but it has a short residual action. It is moderately toxic to man and 
animals. Chief products consist of 50 percent and 80 percent DDVP emul- 
sion. 


Directions for Use: 


(1) Spray: Use a 1 to 1,000-1,500 part solution of 50 percent DDVP 
emulsion or a 1 to 2,000-3,000 part solution of 80 percent DDVP emulsion 
to control such insects as aphids, two-spotted spider mites, rice lea: 
cicadas, rice planthoppers and rice leaf-rollers. Use a 1 to 1,500 part 
solution of 80 percent DDVP emulsion to control such insects as vegetable 
worms, apple leaf-rollers, yellow-striped jumping beetles, armyworms and 
wheat leaf bees, and a 1 to 1,000 part solution to treai such insects as 
loopers and diagonally-striped noctuid moths. 


(2) Use al to 2,000 part solution of 60 percent DDVP, with an emulsible 
oil mixture of 20 percent dimethoate added, as a spray against such 
insects as aphids, cotton leaf cicadas, cotton two-spotted spider mites 
and leaf fiies. Good results have been obtained with this method. 


(3) Soak gaoliang stalks with a solution of 80 percent DDVP emulsion 
and plant them in the fields to serve as fumigant at the rate of 2.5 
liang per mou to control adults of soybean borer. Good results have 
been obtained. 


(4) Fumigation: Use a 1 to 400-500 part solution of 80 percent DDVP 
emulsion as a spray to fumigate a tightly sealed storehouse. It may 
eliminate various kinds of granary insects. 


Things To heed: 


(1) Insecticide damage may be caused to gaoliang, while corn is rela- 
tively susceptible to it. 


(2) Toxicity to man and animals is moderate. 

(3) It cannot be mixed with an alkaline solution for use. 

C. Dimethoate 

Properties: It is an organic phosphorous contact insecticide with a 
high potency and a low toxicity. It also has the effect of a systemic, 


but not of a fumigant. Its toxicity to insects increases with a rise in 
air temperature, but it has little residual action. Toxicity to man and 
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animals is moderate. Products consist of 40 percent dimethoate emulsion, 
which is yellow in color and gives off an offensive odor. and 1.5 percent 
dimethoate powder. 


Directions for Use: 


(1) Al to 2,000-3,000 part solution of 40 percent dimethoate emulsion 
or a 1.5 percent dimethoate dust, applied at the rate of 3 to 5 catties 
per mou, may control all kinds of crop aphids, cotton thrips, wheat 
thrips, leafhoppers and red spider mites. 


(2) Al to 1,500-2,000 part solution of 40 percent dimethoate emulsion 
or a 1.5 percent dimethoate dust, applied at the rate of 4 to 5 catties 
per mou, may control such insects as rice leaf cicadas, rice plant- 
hoppers and thrips. A 1 to 1,000-1,500 part solution of 40 percent 

‘methoate emulsion has been used to treat vegetable leaf flies and 
citrus scale insects with good results. 


Things To Heed: 


(1) The keeping quality of 1.5 percent dimethoate dust is poor and it 
should be used in the same year that it is produced. 


(2) It must not be mixed for use with alkaline agricultural chemicals. 


(3) Its effectiveness against many insects with biting mouth-parts 
(such as armyworms, corn borers and vegetable worms) is not readily 
observable. 


D. Malathion (also known as "4049") 


Properties: It is an organic phosphorous insecticide with a high potency 
and a low toxicity. It is primarily a contact poison, but it also has 
the effect of a stomach poison and a fumigant. Its residual action lasts 
about a week. It may be used to control many kinds of insects with 
either biting or sucking mouth-parts. Its toxicity to man and animals 

is low. Principal products include 50 percent malathion emulsion and 

3 percent malathion powder. 


Directions for Use: 


(1) Dust: Use 3 percent malathion powder for dusting at the rate of 
3 to 4 catties per mou or treat soil with the insecticide to control 
armyworms feeding on rice, rice leaf cicadas and rice planthoppers. 


(2) Spray: Use al to 1,500-2,000 part solution of 50 percent 
malathion emulsible oil to control such insects as rice leaf cicadas, 
aphids feeding on fruit trees and vegetable and bean and cotton crops; 
use a 1 to 1,000 part solution to control such insects as small loopers, 
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soybean borers and yellow-striped jumping beetles; use a 1 to 500 part 
solution to control vegetable worms. 


Things To Heed: 


(1) It decomposes easily and loses its effectiveness when united with 
an acid or alkali. Metallic articles also can precipitate its decomposi- 
tion. 


(2) The prohibition period for its use is 10 days before harvest. 
E. Methyl Parathion (also known as methyl "1605") 


Properties: It .s relatively stable when combined with an ac'dc or a 
neutral solution, but it decomposes easily and loses its effectiveness 
when mixed with an alkaline solution. It has the effect of a contact 
poison, stomach poison and fumigant. It shows no systemic action, but 
it can be absorbed into the plant body. Although slightly less toxic 
than parathion, it is very damgerous to man and animals. Products 
include 50 percent methyl parathion emulsion and 1.5 percent methyl 
parathion powder. 


Directions for Use: 


(1) Spray: A 1 to 1,500-2,.000 part solution of 50 percent methyl 
parathion emulsion may be used to contre! such insects as aphids, red 
spider mites, thrips, cotton bollworms, “beat leaf bees [Dolerus Tritici 
Chu] and cottony-cushion scales. A 1 to <,000-3,000 part solution may 

be used to control such insects as soybean pod borers, twin-striped leaf 
beetles, loopers and diagonally-striped noctuid moths. A 1 to 3,000 part 
solution may be used against such insects as midges, rice root beetles 
and armyworms. A 1 to 3,000-4,000 part solution may be used against 

such insects as common beet beetles and blind cotton bugs. 


(2) Dust: Use 1.5 percent methyl parathion powder at the rate of 3 to 
4 catties per mou to treat such insects as aphids, thrips, leaf cicadas 
and soybeun borers. 


(3) Scattering of poison soil: For each mou, treat 30 to 40 catties of 
fine soil with 4 catties of 1.5 percent methyl parathion powder, or 1.5 
percent metiiyl parathion with 3 percent BHC powder added. Scatter it 

in the field to control rice stem borers as well as other pests, includ- 
ing thrips, rice plant skippers, rice planthoppers, rice leaf-rollers 
and rice leaf cicadas. Direct dusting with a mixture of 1.5 percent 
methyl parathion powder and 3 percent BHC powder at the rate of 3 to 5 
catties per mou may control cotton bollworms and pink bollworms. This 
mixture is safe to use and has a longer residual action than that of an 
organic phosphorous insecticide used singly. 
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(4) Seed treatment: Dilute 1 catty of 50 percent methyl parathion emul- 
sion with 100 catties of water for treating 1,000 catties of wheat seeds 
and in 50 catties of water for treating 1,000 catties of seed corn, 600 
catties of gaoliang seeds or 400 catties of millet seeds. Spray the 
solution on the seeds and stir at the same time. After the treatment, 
soak the seeds in water (60 percent water to weight volume of seeds) for 
3 hours, then spread them out and let dry in the shade. This may control 
weevils, grubs and golden-—needle worus. 


Things To keed: 


(1) It is a highly toxic insecticide and at the time of application, 
attention should be paid tc safety. The prohibition period for its use 
is 14 days prior to harvesting. 


(2) It must not be mixed with an alkaline insecticide for use. 
F. Sulfotep 


Properties: It is an organic phosphorous insecticide and acaricide that 
is highly toxic on contact. It is stable when mixed in an alkaline solu- 
tion and relatively stable when combined with an acid. Highly toxic as 

a systemic, it is very dangerous to man and animals. Products include 

40 percent sulfotep emulsion, which is a brownish-yellow oil liquid, 

3 percent sulfotep powder, and a mixture of 1.5 percent sulfotep powder 
and 3 percent BHC powder. 


Directions for Use: 


(1) Spray: Use a 1 to 2,000-3,000 part solution of 40 percent sulfotep 
emulsion to control cotton aphids, rice planthoppers and rice leaf 
cicadas. 


(2) Poison soil: For each mou of field, treat 30 to 40 catties of fine 
soil with 3 liang of 40 percent sulfotep emulsion for scattering or 
dilute the same amount of the chemical with 600 to 700 catties of water 
for sprinkling to control rice stem borers during the seedling stage of 
rice. By increasing the dosage to 7 liang per mou, it may be used to 
control the pests during the heading stage. 


(3) Dust: Dusting with 3 percent sulfotep powder at the rate of 2 to 3 
catties per mou may control such insects as rice stem borers, armyworas, 
rice planthoppers and wheat spider mites. 


(4) Treating 30 to 40 catties of fine soil with a mixture of 1.5 percent 
sulfotep powder and 3 percent BHC powder for each mou of field to control 
rice stem borers has the effect of increasing the effectiveness of 
sulfotep and controlling many other kinds of pests at the same time. 
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Things To Heed: 


(1) It is necessary to observe strictly the provisions in "Things To 
Heed in the Safe Use of Highly Toxic Agricultural Chemicals.” 


(2) Man and animals are prohibited from entering a field within 5 days 
after the application of the insecticide. 


(3) It is a potent poison to fish and frogs, and therefore must not be 
used in paddy fields where fish are kept. 


G. Thimet (also known as "3911") 


Properties: Having the effect of a systemic and a fumigant, it has 
shown marked results in controlling insects with sucking mouth-parts, 
but relatively poor results against insects with biting mouth-parts. 
With a long residual action, it is a highly toxic insecticide, more than 
twice as toxic as parathion. In general, it is used only in seed treat- 
ment, since its use as a spray is strictly prohibited. It controls 
insect pests of cotton, sugar beet and alfalfa crops in their early 
stages of development and ground pests as well. Products consist of 

75 percent thimet emulsion, 50 percent thimet activated charcoal dust 
and 40 percent thimet corn rachis powder. 


Directions for Use: 


(1) Seed treatment: Treat every 100 catties of dry cottonseed with 2 to 
3 catties of 40 percent thimet powder or 50 percent thimet activated 
charccal dust to control cotton aphids in their early stages of develop- 
ment. 


(2) Soaking of seeds in water after treatment: Treat every 100 catties 
of sugar beet seeds with 1 catty of 75 percent thimet emulsion by adding 
100 catties of water in two parts and later soak the seeds in clear water 
(60 percent water to weight volume of seeds) for 24 hours. Or treat 
every 100 to 150 catties of seeds that have previously been soaked in 
warm water with 1 catty of 75 percent thimet emulsion diluted in 25 to 

50 catties of water. 


(3) Soaking of seeds in chemical solution: Soak every 100 catties of 
dry cettonceed in 100 to 150 catties of a 1 to 100 part solution of 
thimet emulsible oil for 12 to 24 hours. Care should be taken to stir 
the seed several times in the process of soaking. 


Thinge To Heed: 
Since it is a highly toxic insecticide and has residual action lasting 
as long as 40 to 50 days, the provisions of "Things To Heed in the Safe 


Use of Highly Toxic Agricultural Chemicals" should be observed closely 
and the extent of uses should be controlled strictly. 
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H. Baumenfon (also known as "3911" sulfoxide) 


Properties: It is a highly toxic and potent organic phosphorous insecti- 
cide and acaricide. Essentially a contact and stomach poison, it has a 
definite effect as a systemic. When united with an alkali, it decomposes 
easily and loses its effectiveness. It is especially effective in con- 
trolling insects with sucking mouth-parts, and particularly aphids and 
red spider mites that have developed resistance to systox. Its residual 
action lasts about 7 days. It has a high toxicity to man and animais. 
Products include 50 percent Baumenfon emulsion, which is a yellow or 
brown cily liquid and emits a strong smell resembling that of garlic. 


Directions for Use: 


(1) Use a 1 to 2,000-4,000 part solution of 50 percent Baumenfon emul- 
sion to control aphids, cotton bollworms, rice planthoppers and rice scem 
borers, and a 1 to 4,000-8,000 part solution to control red spider mites, 
blind cotton bugs, thrips and small loopers. 


(2) Application of a mixture of Baumenfon and trichloroacetate, which has 
residual action lasting more than 30 days, can improve results in con- 
trolling red spider mites. 


Things To Heed: Use and administer as a highly toxic agricuitural 
chemical. 


I. Phenthoate 


Properties: A broad-spectrum organic phosphorous insecticide and 
acaricide, it is highly potent, but causes little insecticide damage 
because of its short residual effect. It is moderately toxic to man 
and animals, and is suitable for use against many insect pests of 
paddy rice, cotton, fruit trees and tea plants. Products consist of 
50 percent phenthoate emulsion and 1.5 percent phenthoate powder. In 
addition, there is an acetyl group of phenthoate, which is slightly 
more toxic than methyl phenthoate, and its products are similar to 
those of methyl phenthoate. 


Directions for Use: 


(1) Dust: Use 1.5 percent phenthoate powder to control aphids, red 
spider mites and loopers at the rate of 3 catties per mou and against 
soybean borers at the rate of 4 catties per mou. 


(2) Poison soil: For each mou of field, treat 30 catties of fine soil 
with 2.5 to 3 catties of 1.5 percent phenthoate powder and scatter it 
to control rice leaf cicadas, rice planthoppers, rice stem borers and 
millet stem borers. 
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(3) Spray: Use a 1 to 2,000-3,000 part solution of 50 percent 
phenthoate emulsion as a spray to control blind cotton bugs, aphids and 
soybean borers, and a 1 to 1,500-2,000 part solution against rice leaf 
cicadas, rice stem borers and small borers of peach. 


Things To Heed: Use and administer as a highly toxic agricultural 
chemical. 


J. Sumithion 


Properties: A broadly toxic insecticide, it is potent as a contact 
poison amd stomach poison. It does not have the effect of a systemic, 
but its permeability is relatively good on plants. Its toxicity to man 
and animals is moderate. Products consist of 50 percent sumithion 
emulsion and 2 percent sumithion powder. 


Directions for Use: 


(i) Spray: Al to 1,000-2,000 part solution of 50 percent sumithion 
emulsion may be used as a spray to control many kinds of pests with 
sucking mouth-parts to cotton, paddy rice, fruit trees and tea plants; 
a il to 1,000 part solution to control rice stem borers; a 1 to 500-1,000 
part solution to control pests of cotton during the square and boll 
stages, rice plant skippers and chinch bugs feeding on gaoliang; a 

1 to 1,000-1,500 part solution to control tortricid moths that feed on 
appies and many kinds of scale insects. 


(2) Dilute 4 liang of 50 percent sumithion emulsiun in 500 to 600 
catties of water for each mow of field for sprinkli:g or make poison 
soil for scattering to control rice stem borers. 


Things To Heed: 

(1) Stop using the chemical 10 days before the hatves:. 

(2) Insecticide damage may sometimes be caused to cruciferous vegetables. 
(3) It must not be mixed with alkaline agricultural chemicals for use. 

K. Imidan 

Properties: An insecticide with a low toy.city, it is moderately 
hazardous to man and animals. Broadly toxic to insects, it is primarily 
a contact and stomach poison with short residual effect. In an alkaline 
sclution it decomposes easily and loses its effectiveness. When mixed 
for use with DDT, however, it is even more effective in killing insects 


than when used singly. Products include 25 percent Imidan emulsion, 
25 percent Imidan wettable powder and 2.5 percent Imidan powder. 
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Directions for Use: 


(1) Spray: Al to 1,000 part solution of 25 percent Imidan emulsion 
or 25 percent Imidan wettable powder may control cotton aphids and two- 
spotted spider mites, rice leaf cicadas and cotton loopers; a 1 to 600 
part solution may be effective against tent caterpillars and elm leaf 
cicadas; a 1 to 200-400 part solution may treat cotton bollworms, corn 
borers, armyworms, soybean borers and scale insects. 


(2) Mix 25 percent Imidan emulsion with soil for scattering or dilute 
ir in water for sprinkling at th: rate of 0.5 to 1 catty per mou of 
field to control rice stem borers. 


L. Fenthion 


Properties: An inhalant, it is toxic to a wide range oi insects, but 
has only a low toxicity to man and animals. It has relatively long 
residual action and is stable against alkali, heat and light. Ic is not 
as effective as methyl parathion in controlling arachnids. Products 
consist of 50 percent fenthion emulsion and 2 percent fenthion powder. 


Directions for Use: 


(1) Spray: A 1 to 500-1,000 part solution of Su percent fenthion 
emulsion may control rice stem borers, rice leaf cicadas, soybean borers 
and corn borers; a 1 to 1,000-2,000 part solution may be effective 
against cotton aphids, two-spotted spider mites and blind bugr. and 
beet leaf miners. 


(2) Dust: Use 2 percent fenthion at the rate of 4 to 5 catties per mou 
of field as a dust for the treatment of soybean borers. 


(3) Mix 50 percent fenthion with soil for scattering or dilute it in 
water for sprinkling, at the rate of 3 liang per mou, to control rice 
stem borers. 


Things To Heed: 


(1) The prohibition period for its use is 14 days before the harvesting 
of fruit trees and 10 days before the harvesting of vegetables. 


(2) It has a high toxicity to bees, therefore it is unsuitable for 
use during the flowering period. 


(3) It must not be mixed with strong alkaline agricultural chemicals 
for use. 
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M. Monocrotophos 


Properties: A highly effective, systemic organic phosphorous insecticide. 
With insect killing power lasting about 7 to 10 days, it is especisily 
eifective against cotton aphids and two-spotted spider mites, and cater- 
pillar (Schoenobius bipunctifer) that have developed resistance to 

Ssystox. Ayainst cotton bollworms and pink bollworms, and diagonaliy- 
striped noctuid moths, it can aiso yield good results. it is highly 

toxic to man and anima’s. 


Directions for Use: As a spray, a 1 to 2,000-4,000 part solution of 

90 percent monocrotophos emulsion may control cotton aphids over a period 
lasting 7 to 10 days; a 1 to 3,000-5,000 part solution mav Fe used to 
treat two-spotted spider mites; a 1 to 1,000-2,000 part siciution may be 
effective against cotton bollworns. 


Things To heed: Use and administer it as < “ighiy toxic agricultural 
chemical. 


N. Carbaryl (also known as C-7744) 


Properties: It is one of the carbarate group of insecticides. It is 
stable against light, heat and acid, but when combined with an alxaline 
compound, it decomposes easily and loses its effectiveness. It has the 
effect of a contact poison end a stomach poison as well. It is toxic to 
a wider rarge of pests and has longer residual action than DDT. Espe- 
clally gooc results heave been obtained in using it to treat insects that 
have develored resistance to the chlorinated hydrocarbons and organo- 
phosphates. it has a low toxicity to man and animals and develops no 
accumulativ: effect, therefore it is safe to use. Products include 

50 percent and 25 percent carraryl wettable powder and 5 percent carbaryl 
powder. 


Directions for Use: 


(1) Dust: Use 5 percent carbaryl powder at the rate of 3 to 4 catties 
per mou fo control such insects as cotton boilworms, small loopers and 
vegetable worms. 


(2) Dust or poison soil: Use 5 percent carbaryl vowder at the rate of 
3 to 4 catties per mou to treat such insects as rice leaf cicadas, aray- 
worms and rice leaf-rollers. 


(3) Spray: Use al to 400 part solution of 50 percent carbaryl wettable 
powder to treat <citon pink bollworms and a 1 to 1,000-2,000 part solu- 
tion to treat thrips and aphids. 

(4) Mix 1 catty of 50 percent carbaryl wettable powder with every 
catties of fine soil to make poison soil for the controi of corn borers. 
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Things To Heed: 


(1) It must not be mixed for use or stored together with alkaline agri- 
cultural chemicals. 


(2) Before application is made to cucurbit crops, tests should be con- 
ducted to see whether or not there is insecticide damage. 


(3) Its killing power against bees is great and attention should be paid 
to its use during the flowering period. 


(4) Use should be stopped 10 days before the harvesting of a food crop. 
O. Chlordimeform (also known as 5701) 


Properties: An organic nitrogen systemic-type insecticide, it has the 

effect of a contact poison, repellent and stomach poison, with residual 
action lasting as long as 14 to 20 days. It has a low toxicity to man, 
animals anc fishes. It has been used to treat rice stem borers with marked 
results. 


Directions for Use: Dilute 4 to 6 liang of 25 percent chlordimeform 
emulsion in 190 catties of water for each mou of field and sprinkle or 
spray it to control rice stem borers; use a 1 to 1,000 part solution of 
25 percent chlordimeform emulsion to treat cotton two-spotted spider 
mites, with residual effect lasting 7 days, and a 1 to 500 part solution 
against rice leaf-rollers, cotton “tollworms and cotton pink bollworms. 


Things To Heed: 
(1) It has little effect on rice leaf cicadas and aphids. 


(2) It is highly effective against paddy rice borers in the early instars 
of life, but this effectiveness is reduced if the larvae have already 
eaten their way into the stem of a rice plant. Therefore, the favorable 
time should be seized for its applicat‘on. 


(3) It is highly toxic to silkworms, while leguminaceous, solanaceous 
and cucurbitaceous crops are likelv to suffer insecticide damage. 


P. Benzene Hexachloride (also known as 666) 


Properties: It is an organic hydrochlorinated insecticide. Benzene 
hexachloride (BHC) decomposes rapidly when united with a strong alkaline 
substance. Broadly toxic, it has the effect of a contact poison and 
stomach poison, and it may also be used as a fumigant for spraying or 
smoking. It has a low toxicity to man and animals, but its toxic effect 
may accumulate within the animal body. Also, it is highly irritant to 
the skin and mucous membranes on contact. Products include BHC in 
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powdery form ranging from 1 to 20 percent, 6 percent and 20 percent BHC 
wettable powder, and 20 percent BHC emulsion. 


Directions for Use: 


(1) Dust: Use 1 percent BHC powder at the rate of 3 to 4 catties per 
mou to control insect pests with biting mouth-parts of rice and wheat 

plants. In aerial dusting, use 2.5 percent BHC powder at the rate of 

1 to 1.5 catties per mou. 


(2) Use BEC to make poison soil, poison pellets or poison bait or treat 
seeds prior to sowing to control underground insect pests. 


(3) Spray: A 1 to 200-300 part solution of 6 percent BHC wettable 
powder may be used to control insect pests of wheat and paddy rice crops, 
but against thrips, chinch bugs, jumping beetles and weevils a 1 to 150- 
200 part solution should be used. 


Things To HKeed: 


(1) Its use on vegetable, cucurbit, tea and tobacco crops should be 
prohibited. 


(2) Gaoliang is sensitive to BHC and caution should be exercised in its 
use on gaoliang crops. 


(3) Do not mix BHC with alkaline chemicals for use or store them in the 
same place. 


(4) Results are poor in using BHC against scales, leaf cicadas, cotton 

bollworms, diagonal~striped noctuid moths, armyworms beyond their fourth 
instar of life, and arachnids. BHC may be mixed with other agricultural 
chemicals for use. 


(5) In recent years many kinds of insecticide mixtures have been pro- 
duced with BHC and organophosphorous compounds, such as: 1.5 percent 
methyl prrathion powder with 3 percent BHC added, 1 percent acetyl 
parathion with 3 percent BHC added, 1.5 percent phenthoate powder with 

3 percent BHC added, 4 percent dipterex powder with 3 percent BHC added, 
l percent cyanophos with 2 percent BHC added, and 1.5 percent sulfotep 
powder with 3 percent BHC added. All these insecticide mixtures have a 
low toxicity to man and animals, but they have long residual action and 
are toxic to a wide range of insect pests. They are relatively excellent 
insecticides to use against paddy rice borers. 


Q. DDT (also known as 223) 


Properties: An organic hydrochlorinated insecticide, it is stable, but 
when united with an alkaline substance, it decomposes easily and loses 
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its effectiveness. It has long residual action. To man and animals, it 
has a moderate toxicity and its toxic erfect is accumulative. To insect 
pests, it primarily has the effect of a contact poison and stomach poison. 
Products consist of 5 percent DDT powder, 25 percent and 35 percent DDT 
emulsion, 50 percent DDT wettable powder, and 25 percent, 40 percent and 
50 percent DDT emulsive powder. 


Directions for Use: 


(1) Dust: Use 5 percent DDT powder at the rate of 3 catties per mou to 
control armyworms, leaf cicadas and jumping beetles; use 10 percent DDT 
powder at the rate of 3 catties per mou to treat cotton bollworms, cotton 
pink bollworms and insects of the species Earias cupreoviridis Walker. 


(2) Spray: A 1 to 200-300 part solution of 50 percent DDT wettable 
powder or a 1 to 150-250 part solution of 25 percent DDT emulsion may oe 
used to control many kinds of insect pests to fruit trees. 


(3) Mix 1 catty of 50 percent DDT wettable powder with 9 catties of fine 
soil and finely ground grain to make poison pellets and sprinkle them on 
the standard leaves of corn to control corn borers. 


Things To Heed: Application of the insecticide on vegetable, cucurbit, 
tea, and tobacco crops should be prohibited. It must not be used on 
fruit trees during the flowering period so as to avoid killing polli- 
nating insects and affecting the results of pollination. 


R. Trichloroparacide 


Properties: An insecticide to be used specifically against mites. It is 
relatively effective against the nympns and eggs of mites, but it cannot 
kill the adult insects. It has stable chemical properties and can be 
mixed for use with various kinds of agricultural chemicals. Its residual 
action lasts as long as 1 month, but it is safe to man and animals and to 
plants as well. Products consist of 20 percent and 50 percent trichloro- 
paracide powder. 


Directions for Use: In areas heavily infested with red spider mites, 
application of a 1 to 1,500-2,C90 part solution of 50 percent trichloro- 
paracide powder or a 1 to 800-1,000 part solution of 20 percent 
trichloroparacide wettable powder, mixed with one of the quick acting 
acaricide, such as dimethoate, DDVP [dichlorvos], methyl parathion and 
lime sulfur, not only can exterminate adult mites, but also keep on 
killing their nymphs and eggs with very good results. 


S. Pine Oil (Turpentine) Mixture 
Properties: Prepared by boiling resin with caustic soda (sodium 


hydroxide) or washing soda (sodium carbonate). Strongly alkaline, it has 
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& powerfuliy corrosive effect on the skin of human beings and on the 
cuticle of insects. Dark broom in color, it has a peculiarly pungent 
smell. 


Method of Preparation: The proportions are 4 catties of resin, 3 catties 
of caustic soda (or washing soda) and 24 catties of water. First, put 
water in a cooking pot, then caustic soda. Bring to a boil or until the 
caustic soda is completely dissolved. Then slowly mix in the resin, 
which has been ground into a fine powder beforehand, and stir until the 
resin is completely dissolved and a liquid with a specific gravity of 
about 1:2 undiluted is formed. 


Directions for Use: It is to be used mainly against the many kinds of 
scale insects found on fruit trees, orange aphids and flour mites. 
Results are also good when it is used to control sugarcane aphids and 
mosses. Generally, it is to be diluted with 8 to 10 times as much water 
for spraying in winter and 25 to 30 times as much water for spraying in 
summer. 


Things To Heed: 


(1) In the process of preparation, water should be added continuously 
in order to maintain the original amount of water. 


(2) It must not be used when trees are wet after a rain or when the 
temperature is high (especially above 30°C) at noontime or during the 
flowering period. It must not be applied to trees more than once when 
they are in an excessively weakened condition. 


(3) Due te its corrosiveness, care should be taken to protect one's 
skin during application of the mixture and clean all apparatus after 
application. 





(4) Due to its high degree of alkalinity, it must not be mixed for use 
with other agricultural chemicals. 


Il. Fungicides 
A. Brassicol 


Properties: It is a chlor-containing organic soil fungicide. Pure 
brassicol comes in white crystals, which are insoluble in water, but 
easily soluble in carbon disulfide, chloroform and benzene. It shows 
stability against acid, alkali and sunlight. With long residual action, 
it is mainly used in the treatment of seeds and soil. It is mildly toxic 
to man and animals. Products include 70 percent brassicol powder. 
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Directions for Use: 


(1) Seed treatment: An 0.2 percent solution of 70 percent brassicol 
powder may be used for the treatment of wheat seeds to control stinking 
smut. 


(2) Poison soil: Treat every 30 to 50 catties of soil with 1 catty of 
70 percent brassicol powder and scatter it about the rhizospheres of 
rape and pea plants to control sclerotinia rot. 


(3) Spray: Use a 1 to 2,000-3,000 part suspension of the chemical in 
water to control rice sheath and culm blight. 


Things To Heed: Seeds that have been treated with brassicol must not be 
used for human consumption or as feed for livestock. 


B. Formaldehyde (also known as formalin) 


Properties: Colorless and transparent, it gives off a strong pungent 

smell. It manifests a weak reaction to acid and can be combined with 

water or alcohol in any desired proportion. It has a boiling point of 
99° to 100°C and evaporates easily. The formaldehyde content of most 

products known as formalin is not less than 40 percent. In the main, 

it is used in the treatment of seeds, seedlings of perennial crops and 
soil. 


Directions for Use: 


(1) Use formaldehyde to treat seeds or soak seeds as a means of control 
of Bakanae disease of rice, rice blight, stinking smut and flag smut of 
wheat, angular leaf spot of cotton, and beet brown scab. 


(2) Use it to disinfect the soil of seedling beds and hothouse beds at 
the rate of 36 catties of a 1 to 50 part solution per square meter. 
After application, cover the soil with a wet cloth. Sow seeds 1 to 2 
weeks later when the soil has dried and the formaldehyde has expended 
its effect so as to avoid fungicide damage to the seeds. 


(3) Fumigation: To disinfect a granary, use 2 to 4 catties of brassicol 
per 100 cubic meters and add to it 1.4 catties of potassium permanganate 
and 4 catties of water (first, place the potassium permanganate in a 
container and pour in a dilute solution of formaldehyde), and fumigate 
for 8 hours. 


Things To Heed: Formaldehyde easily forms a white precipitate that can 
cause damage to plants. In case a white precipitate is formed, it may 
be restored by warming the solution. The way of doing it is to submerge 
the bottle containing the solution in warm water for several tens of 
minutes until the precipitete disappears. If this method fails, a 
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solution of 2 grams of caustic soda or 4 grams of mianjian [7240 4354, 
lit. “surface soda"] in 1 catty of water may be used to mix with an 
equal amount of formaldehyde. Place this in a warm place for a day or 
two and the precipitate will disappear. However, it should be noted 
that the strength of the formaldehyde will have been diluted and this 
should be kept in mind at the time of application. The fumes of 
formaldehyde are toxic to man and animals and attention should be paid 
to this when fumigation is carried out. 


C. Zineb 


Properties: An organic sulfur fungicide, it gives off the smell of a 
rotten preserved egg (the odor of sulfurated hydrogen). It is safe to 
man and animals as well as to crops, but it is highly irritant to the 
mucous membranes of the human body. Products include 65 percent zineb 
wettable powder, which may be used to control many kinds of disease of 
crops, such as cereal grain, legume, fruit trees and vegetables. It is 
highly hygroscopic and decomposes easily. 


Directions for Use: Spraying with a 1 to 500-600 part solution of 65 
percent zineb wettable powder at intervals of 7 to 10 days may control 
wheat rust, potato late blight and many kinds of disease of vegeta>les. 

A 1 to 400-500 part solution may be used to control the diseases of 

fruit trees and tobacco p‘ants, and a 1 to 400 part solution to treat 
bean rust, bean anthracnose and bean soft rot during their initial stages 
of development. 


Things To Heed: It must not be mixed for use with alkaline chemicals or 
chemicals containing either copper or mercury. It should be stored in a 
cool dry place and its containers should be sealed tightly so as to 
prevent its absorption of moisture from the air. 


D. Sodium p-aminobenzene sulfonate 


Properties: It is an organic sulfur fungicide. In shiny, light orange- 
red tlaky crystals, it is easily soluble in water and has the effect of 
a systemic with a low toxicity. It is used to control wheat rust. 
Products generally contain about 97 percent of the active ingredients. 


Directions for Use: Dilute i catty of sodium p-aminobenzene sulfonate 
in 300 to 4UU catties of water and add to it 3 to 4 liang of neutral 
«,ap chips or laundry soap powder to increase its adhesion. Use as a 
spray at the rate of 150 to 200 catties per mou during the initial stage 
of the disease occurrence (when the percentage of disease occurrence 

is between 1 and 2 percent). Spray two or three times at intervals of 

7 to 10 days. 


Things To Heed: It is unsuitable for mixing with lime, sulfate of 
copper and ferrous sulfate for use. 
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E. Kitazine 


Properties: An organophosphorous fungicide, it is stable against acid, 
but when combined with an alkali, it decomposes easily. It penetrates 
plant tissues readily and has the effect of protecting the plant and 
controlling the disease. Mainly it is used to control blast of rice, 
although it can also treat small round sclerotial disease, rice sheath 
and culm blight, and rice leaf cicadas, and is effective against leaf 
blight and spot of corn and sclerotinia rot of rape. It is moderately 
toxic to man and animals. Products consist of 1.5 percent kitazine 
powder and 40 percent and 50 percent kitazine emulsion. 


Directions for Use: Against the diseases of rice plants, use 3 to 5 
catties of 1.5 percent kitazine puwder per mou or a 1 to 500 part solu- 
tion of 50 percent kitazine emulsion ac a dust or spray. To control 
leaf blight of corn, use a 1 to 1,000 part solution of 50 percent 
kitazine emulsion as a spray at the rate of 150 catties per mou. To 
control sclerotinia rot of rape, use 1.5 percent kitazine powde: as a 
dust at the rate of 4 to 6 catties per mou. 


Things To Heed: It must not be mixed for use with alkaline agricultural 
chemicals and with sodium pentachlorophenol. 


F. Hinozan 


Properties: It is an organophosphorous fungicide. When united with an 
alkali, it decomposes easily. It has a moderate toxicity to man and 
animals. in the main, it is used to control rice blight and with its 
residual action lasting about 7 days, it is superior to kitazine in 
effect. it is also quite effective against rice sheath and culm blight, 
withering leaves of sesame, rice planthoppers and rice leaf cicadas. 
Products include 40 percent hinozan emulsion. 


Directions for Use: Use a1 to 500-700 part solution of 40 percent 
hinozan emulsion as a spray at the rate of 150 to 200 catties per mou. 


Other directions for use are the same as for kitazine. 
G. Tuzet 


Properties: It is an organic arsenical and organic sulfur compound 
fungicide. Formed by the mixture of three chemicals, Urbazid, Ziram 
and Thiram, it may be used to control many kinds of plant diseases and 
has the quality of being suspensible in water. It is toxic to man and 
animals. Products consist of 50 percent and 80 percent tuzet wettable 


powder. 
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Directions for Use: 


(1) Spray: Use a 1 to 1,500 part solution of 50 percent “uzet wettable 
powder at the rate of 250 catties per mou to control rice sheath and culm 
blight, a i to 1,200 part solution to control wheat powdery mildew, a 

1 to 1,000 part solution to treat the diseases of fruit trees, a 1 to 800 
part solution to treat leaf blight and spot of corn, and a 1 to 500 part 
solution to control red star of tobacco and scabbed disease of citrus. 


(2) To control standing rot and anthracnose of cotton seedlings, a 1 to 
1,000 pert solution of 50 percent tuzet wettable powder may be used to 
water the hills of plants or a dosage of 0.5 percent tuzet powder may be 
used to treat seeds prior to sowing (use 5 catties of 50 percent tuzet 
powder to treat every 1,000 catties of -otton seeds). 


Things To Heed: 


(1) If fungicide damage occurs, add 1 to 1.5 liang of slaked lime to 
eech liang of the powder and such damage may be alleviated immediately. 


(2) It may be mixed for use with DDT, BHC and any of the organo- 
phosphorous insecticides, but application must be made as soon as the 
compound is prepared. When a mixture is used, the dosage of tuzet must 
be reduced in order to avoid insecticide damage. It must not be mixed 
for use with insecticides containing either copper or lead. 


(3) For 2 weeks after application, the target fields should not be used 
for grazing and the plants there should not be used as feed for live- 
stock. 


H. Zinc Methane Arsonate 


Properties: An organic arsenical compound, it has stable chemical 
properties and a puneent odor. It is relatively toxic to man and 
animals, ard can easily cause damage to crops. It is used mainly to 
control rice chesth and culm blight. Products include 20 percent zinc 
methane ~rsonate wettable powder. 


Directions for Use: 


(l) Spray Dissolve 1 to 1.5 liang of 20 percent zinc methane arsonate 
wettable powder in 200 catties of water for each mou of field and spray 
the solution on infected places at the base of the rice stem. 


(2) Poison soil: Mix evenly 2 to 3 liang of the powder with 50 catties 
of fine soil and scatter it on the plants, making certain that it falls 
through the space between the leaf sheaths and stem. Close attention 
should be paid to the proper methods of application and the proper dosages 
so as to prevent fungicide damage from happening. 
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Things fo Heed: 


(1) It is toxic to man and animals and in the course of application, give 
heed to safety. 


(2) Some slight stains may be caused by the fungicide after application, 
but if the amount applied is within the dosage prescribed, these stains 
will not affect growth. Application of the fungicide after the panicle 
forming stage is likely to cause burn. 


(3) It must not be mixed with either alkaline or acid compounds for use. 
I. Antibiotic No 402 


Properties: A broad-spectrum organic sulfur fungicide, it is quite 
effective against cotton diseases during the seedling stage, cotton 
Fusarium wilt and black rot of sweet potato. It is volatile, irritates 
the skin of human beings and decomposes easily when combined wit’ aa 
alkali. Products include 70 percent antibiotic No 402 emulsion. 


Directions for Use: 


(1) Seed treatment: Treating cotton seeds with a 1 to 2,000-3,000 part 
solution of 70 percent antibiotic No 402 emulsion (the containers used 
for seed treatment must be covered and the seeds stirred occasionally-- 
ditto below) for 24 hours may control cotton diseases during the seedling 
stage; treating rice seeds with a 1 to 800 part solution (for 2 to 3 days 
with xian (hsien) rice and 3 to 4 days with geng (keng) rice) may reduce 
seedling rot and promote the development of the root system; treating 
soybeans with a 1 to 5,000 part solution for 1 hour may control purple 
spot. 


(2) Hill watering: Use of a 1 to 3,000 part solution of 70 percent 
antibiotic No 402 emulsion to water cotton plants at the rate of 1 catty 
per plant may control Fusarium wilt. 


(3) Control of black rot of sweet potato: Use 1 to 1.5 milliliters of 
antibiotic No 402 emulsion for each 100 catties of fresh sweet potatoes 
to fumigate the cellar in which they are kept, or use a 1 to 2,000 part 
solution to treat seed tubers for 10 minutes, or a 1 to 4,000 part solu- 
tion to soak sweet potato seedlings for 10 minutes. 


(4) Spray: Use a 1 to 5,000 part solution of 70 percent antibiotic 
No 402 emulsion as a spray to control rice blight. 


Things To Heed: At the time of application, the solution must not come 
into contact with anything made of iron in order to avoid loss of effec- 
tiveness of the solution. In storing the fungicide, see to it that the 
containers used are sealed tightly and not exposed to the sun. Since it 
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causes irritation to the skin, wor’.ing personnel should handle well the 
work of protecting themselves frem contact with the fungicide at the 
time of application. 


J. Thiophanate 


Properties: A kind of broad-spectrum organic sulfur fungicide, it has 
the effect of a preventor and an inhibitor, and can check the enlarge- 
ment of lesions and the formation of spores on diseased plants. It is 
insoluble in water and stable against alkali, and can be mixed for use 
with many kinds of agricultural chemicals, except those containing 
copper. It causes little damage to plants and has a low toxicity to 
man, animals and fish. The product is 50 percent Thiophanate vettable 


powder. 


Directions for Use: 


(1) Spray: A 1 to 1,000-1,500 part solution of 50 percent Thiophanate 
wettable powder may be used to control rice blight and a 1 to 1,000 part 
solution to treat rice sheath and culm blight, leaf blight of sesame, 
small round sclerotinia rot and wheat red mildew. 





(2) Treatment of seedlings of perennial crops: Use of a 1 to 300-500 
part solution to soak seedlings may control black rot of sweet potato. 


(3) It is also very effective against many kinds of diseases of fruit 
trees and vegetables as well as beet brown scab and rape sclerotinia rot. 


K. Carbendaxol 


Properties: A kind of broad-spectrum fungicide, it has the effect of a 
contact poison and an inhalant. It is a highly effective, low-toxicity 
fungicide that can control many diseases of cotton and rice plants. 
Products consist of 10 percent, 25 percent and 50 percent carbendaxol 
wettable powder. 


Directions for Use: 


(1) Seed treatment: Use of 10 percent carbendaxol at a dosage of 0.5 
percent of active ingredients in treating cotton seeds may control 
cotton standing rot and anthracnose. 


(2) Spray: Use of a 1 to 200 part solution of 10 percent carbendaxol 
wettable powder may control rice blight, rice sheath and culm blight, 
small round sclerotinia rot and wheat red mildew. 
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L. Lime Sulfur 


Properties: Prepared by boiling quick lime and sulfur in water in a 
ratio of 1:2:10. Having the effect of a fungicide and a protectant, ic 
may be used to control rust disease, powdery mildew, red spider mites of 
fruit trees, scale insects, as well as many other kinds of plant dis- 
eases. 


Method of Preparation: First, dissolve the quick lime in a small amount 
of water. Make the sulfur into a paste and stir it into the lime crean. 
Boil for 40 to 60 minutes. Im the process of boiling, replace the amounc 
of water lost through evaporation at any time. (To save the trouble of 
adding water, the ingredients may be combined in the ratio 1:2:13-15.) 
When the liquid has turned reddish-brown (the precipitate is yellowish- 
green), turn off heat, let cool and then filter. 


Directions for Use: This is determined according to the weather and 
growth condition of the crop. 


(1) Single application: The specific gravity of the liquid used to 
control the diseases of fruit trees during the dormant season and scale 
insects should be 5 Baume degrees. To control the diseases of citrus 
fruits and apples in early spring, use liquid with a specific gravity 
of 1 Baume degree; to control wheat powdery mildew, 0.3 to 0.5 Baume 
degree; to control citrus red spider mites, rust ticks and rice sheath 
and culm blight, 0.5 to 0.6 Baume degree; to control wheat two-spotted 
spider mites, cotton two-spotted spider mites and wheat rust, 0.2 to 
0.3 Baume degree; to control cucumber powdery mildew, 0.1 to 0.2 Baume 
degree. 


(2) Applice*ion of lime sulfur mixec with sodium pentachlorophenol to 
fruit trees may enhance its effectiveness of controlling diseases. 
During the dormant season of fruit trees, use lime sulfur with a 
specific gravity of 5 Baume degrees, with 0.5 percent sodium penta- 
chlorophenol added; to control citrus scabbed disease in early spring, 
use lime sulfur with a specific gravity of 1.3 Baume degrees, with 0.3 
percent sodium pentachlorophenol added; in summer, use lime sulfur 
with a specific gravity of 0.5 Baume degree, with 0.1 percent sodium 
pentachlorophenol added. At the time of application, first dissolve the 
sodium pentachlorophenol and dilute it to the strength prescribed, and 
then use the liquid to dilute the lime sulfur to the specific gravity 
required. 


Things To Heed: Copper utensils must not be used in preparing or storing 
the liquid. Since this liquid is corrosive, the skin must not come into 
contact with it and all utensils used in its preparation must be duly 
cleaned. It must not be mixed for use with a pine oil mixture, soap, 
cotton oll soap or lead arsenate. It is unsuitable to apply this liquid 
to most crops when temperatures are high (above 32°C) and in early 
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spring (below 4°C). Plums, pears, grapes, beans, cucumbers, melons and 
Irish potatoes are prone to damage caused by this fungicide. Fruit trees 
may be treated with it during their dormant season. 


M. Bordeaux Mixture 


Properties: A sky-blue, alkaline suspension prepared from mixing -opper 
sulfate with lime, it is a protectant with a high degree of adhesive- 
ness. In its preparation, if the ratio of lime is high, the damage 
caused to plants by the product will be light, its effect will be slow 
and its toxicological action will be long-lasting. 


Method of Preparation: The ratio of copper sulfate to lime should vary 
with the sensitivity of different crops to copper sulfate and lime. The 
ratio between the two may be in one of the following forms: double 
weight of iime, excess weight of lime, equivalent weight of lime and 
half weight of lime. A relatively good method of preparation consists 
of pouring a diluted solution of copper sulfate into + lime cream so 
that reaction can take place in an alkaline medium. ‘itir as the copper 
sulfate solution is poured into the lime. In this way, the Bordeaux 
mixture produced will be of a better quality. 


Directions for Use: Adopt different ratios for different plants. To 
treat the diseases of field crops and vegetable plants, a Bordeaux 
mixture in the equivalent-weight ratio (copper sulfate, lime, water in 
the ratio 1:1:100) is commonly adopted. Against the diseases of fruit 
trees and bean, wheat and Chinese lettuce crops, which are susceptible 
to fungicide damage, a Bordeaux mixture in the ratio requiring a double 
weight of lime (1:2:100) is frequently used. To contro’ the diseases of 
grapes and solanaceous and cucurbit crops, a Bordeaux mixture in the 
ratio requir'ng a half weight of lime (1:0.5:100) is commonly used. To 
control cotton diseases and leaf cicadas, a Bordeaux mixture in the 
ratio requring a half weight of copper sulfate (0.5:1:100) is frequently 
used. 


Things To heed: 
(1) It must not be prepared or stored in metal containers. 


(2) In the orocess of preparation, the diluted solution of copper 
sulfate should be poured into the thicker lime cream. This cannot be 
reversed, otherwise the mixture will be of poor quality and will easily 
cause damage to plants. In addition, it is unsuitable to use hot water 
in the preparation. 


(3) A #orceaux mixture is toxic to silkworms, therefore it must not be 
used on mu.berry trees. 
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IV. Herbicides 
A. 2,4-D and 2,4-DB 


Properties: It is a systemic and translocated type of selective weed 
killer. For industrial use, most frequently produced are 2,4-D sodium 
salt, 2,4-D amine salt and the 2,4-D ester group. The herbicides are 
applied in the main to fields of graminaceous crops to suppress or 
eliminate dicotyledonous (broad-leafed) weeds. In effectiveness the 
ester group is the best, the amine salt next best and the sodium salt 
last. However, 2,4-DB is highly volatile and its vapor is likely to 
affect any sensitive crops (such as cotton, soybean and poplar trees) 
nearby. 


Directions for Use: 


(1) It is relatively safe *o apply the herbicides to paddy rice during 
the tillering period. Use 80 percent 2,4-D sodium salt at the dosage of 
1.5 to 2 liang per mou, 55 percent of 2,4-D amine salt at the rate of 
1.6 to 2.6 liang per mou, or 76 percent 2,4-DB emulsion at the dosage 
of 0.7 to 1.5 liang per mou. 


(2) Make the application to the wheat fields during the tillering period 
when four to five leaves have appeared on each plant. Use 80 percent 
2,4-D sodium salt at the rate of 1.5 to 2.5 liang per mou, 55 percent 
2,4-D amine salt at the rate of 2 to 4 liang per mou, or 76 percent 2,4-DB 
emulsion at the rate of 1.2 to 1.5 liang per mou. If ammonium nitrate is 
added at the dosage of 1 catty per mou, the weed killing power of the 
herbicide may be increased. 


(3) As to corn and gaoliang, apart from making applications during the 
4- to 5-leaf stage, soil treatment may also be carried out after sowing 
and 3 to 5 days prior to the emergence of seedlings. Use 80 percent 
2,4-D sodium salt at the rate of 2 to 3 liang per mou or 76 percent 
2,4-DB emulsion at the rate of 1.5 to 2 liang per mou. Millet is less 
hardy. Therefore, application to a millet crop should be made during 
the 5- to 7-leaf stage and the dosage should be 30 to 40 percent of that 
for wheat fields. 


(4) The amount of water to be used in the preparations varies with the 
methods of applying the herbicide. In general, water should be added at 
the rate of 7 to 8 catties per mou for aerial spraying, 15 to 50 catties 
per mou for power spraying, and 100 to 120 catties per mou for hand 
spraying. 


Things To Heed: 
(1) Care should be taken to avoid spraying sensitive crops nearby. 


Generally, a 50- to 100-meter wide isolation plot should be established. 
Exercise caution when spraying year cotton fields. 
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(2) 2,4-D3 must not come into contact with an alkaline substance so as 
to avoid lowering its efficacy. 


(3) 2,4-D is most effective in suppression or eliminating weeds when 
application is made in temperatures ranging from 20° to 25°C. In low 
temperatures, MCPA should be used. 


B. MCPA 


Properties: It belongs to the same category of herbicides as 2,4-D. The 
sodium salt of the material produced industrially is a dark brown powder 
with the smell of phenol. It has a low toxicity to man and animals. 
Also, it is less toxic to cereal crops than most herbicides and is par- 
ticularly suitable for application to paddy fields prior to sowing and 
during the young seedling stage to suppress or eliminate dicotyledonous 
weeds and Scirpus maritimus grass of the family Cyperaceae. 


Directions for Use: 


(1) As a spray for paddy fields, use 70 percent MCPA sodium salt during 
the tillering period at the rate of 1 to 2 liang dissolved in 100 to 200 
catties of water for each mou. To improve its effectiveness and increase 
its weed killing range, mix it with NIP, sodium pentachlorophenol or 

Stam F-34 for use, in which case its dosage should be reduced. 


(2) Make poison soil by using 1.5 to 3 liang of 70 percent MCPA sodium 
salt to treat 40 catties of fine soil for each mov and apply it to the 
field under a shallow layer of water and let the water remain for 3 days, 
after which normal drainage and irrigation is resumed. 


(3) For weeding dry land crops of wheat, corn or gaoliang, use as a 
spray 70 percent MCPA sodium salt at the rate of 1.5 to 2 liang dis- 
solved in 100 to 120 catties of water for each mou. 


Things To Heed: It must not come into contact with acidic materials. 
Other precautions to be taken are the same as for 2,4-D. 


C. NIP 


Properties: A contact herbicide with definite selectivity. Its solu- 
bility in water is very low and after application its translocation in 
the soil is slight. Mostly, it is used to suppress or eliminate the 
plumules ot germinating annual weeds. It has a long residual action, 
which may last 20 to 30 days on the ground surface. It is not very 
effective against perennial weeds and broad-leafed weeds, and has a low 
toxicity to man, animals and fish. Products include 25 percent NIP 
wettable powder and 40 percent and 50 percent NIP emulsive powder. 
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Directions for Use: 


(1) Paddy rice seedling beds and directly sown paddy fields: Apply 3 to 
5 days prior to the sowing of rice that has been given the bud forcing 
treatment. (As to untreated rice, make an application 3 to 5 days prior 
to germination of the seeds after sowing.) First, flood the field to 
induce weeds to develop so that weed seeds will germinate. Then use 0.8 
to 1 catty of 25 percent NIP wettable powder to treat 30 to 40 catties 

of fine soil for each mou and scatter it on the field. After applica- 
tion, maintain a shallow layer of water in the field for 3 to 5 days and 
wait for the water to drain off naturally before sowing. 


(2) Rice transplant fields: Apply after rice seedlings become green 
again 4 to 6 days after transplanting. (After the soil is treated with 
the herbicide, let it stand for 4 to 5 hours; at the time of application, 
keep the poison soil from floating on the surface of the water and coming 
into contact with the leaf sheaths of the seedlings.) 


(3) Dry fields: Apply application either by scattering poison soil or 
spraying after sowing and before the appearance of primary buds at the 
surface of the field. Generally, the dosages per mou are: for peanut, 
soybean and sweet potato, 0.8 to 1.2 catties; for vegetables, 0.6 to l 
catty; for cotton, 0.8 to 1.2 catties; and for tea plants, mulberry trees, 
orchards and nursery plots, 0.8 to 1 catty. 


(4) It may be mixed for use with sodium pentachlorophenol, MCPA and 
prometryne so as to enhance the results of weed killing, but the dosages 
should be reduced by one~half. 


Things To Heed: Applications should not be made to paddy fields when 
seedlings are weak and bending over, the layer of water is too deep or 
the dew has not yet dried, or to leaking fields. The efficacy of the 
herbicide is low when the temperatures are below 20°C. Its residual 
action may be prolonged if after application the layer of chemical is 
not disturbed. 


D. Sodium Pentachlorophenol 


Properties: It is a contact-type exterminatory herbicide with short 
residual action. It is mainly used to suppress or eliminate the primary 
buds of such annual weeds as darnel and dog's-tail. Against the thorny 
Scirpus maritimus grass and Yanzicai (Potamogeton polygonifolius Pourr.), 
the results are poor. It may also be used to kill such noxious pests as 
oncomelania and leeches. It is moderately toxic to man and animals, but 
it is highly irritant and may cause sneezing, tears to the eyes, and 
inflammation, pain or peeling of the skin. It is very poisonous to fish. 
Products include 80 percent and 95 percent sodium pentachlorophenol and 
25 percent sodium pentachlorophenol pellets. 
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Directions for Use: 


(1) Seedling beds and directly seeded fields: Two to 4 days prior to 
sowing, when darnels have already germinated, apply 6 percent sodium 
pentachlorophenol at the rate per mou of 1.5 catties mixed with 40 
catties of fine soil for scattering or dissolved in 80 catties of water 
for spraying. Maintain a layer of water in excess of 3 centimeters for 
5 to 7 days, then drain off the water, irrigate the field and plant with 
seed. 


(2) Rice transplant fields: Apply 2 or 3 days before or 3 to 5 days 
after transplanting the rice seedlings. If an application is to be made 
after transplanting, it is more suitable to do it by the method of 
scattering poison soil. 


(3) Directly seeded dry fields: Due to the disorderly emergence of 
weeds, it is suitable to mix 0.8 to 1 catty of sodium pentachlorophenol 
with 6 to & liang of 25 percent NIP for am application 5 to 7 days after 
seeding and before germination. (A mixture of sodium pentachlorophenol 
and MCPA, with or without the addition of some NIP, which is commonly 
called "Shapiaosan" [3010 3343 2414], is especially effective in sup- 
pressing or eliminating Yanzicai and wild water chestnuts in paddy 
fields.) 


Things To Heed: 


(1) Irrigation or drainage by channeling water along furrows in the 
field must not be carried out within a prescribed period of time follow- 
ing the application of the chemical. 


(2) The chemical must not be sprayed over rice or other crops in order 
to avoid damage to them. 


(3) Since the chemical is highly poisonous to fish and very irritative 
to the eves and nose of human beings, care should be taken to protect 
them at the time of application. 


(4) Since the chemical has a very short residual action and a single 
application will not be very effective on a dry field, it should be 
nixed with NIP for use. 


E. Stam F-34 


Properties: A highiy selective contact-type herbicide, it is especially 
efrective against darnels and can kill many kinds of graminaceous grasses 
and dicotvledonous weeds, but its effect on wild water chestnuts and 
Yanzicai is minimal. it has a low toxicity for rice and potato crops. 
Since it easily decomposes in the soil and loses its effectiveness, it is 
unsuitable to make a poison soil with it. It also has a low toxicity for 
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man, animais and fish, but it is an irritant to the skin and eyes of 
human beings. Products include 20 percent Stam F-34 emulsion and con- 
centrated Stam F-34. 


Directions for Use: 


(1) The principal effect of Stam F-34 as a weed killer is to make weeds 
dry up and die. Therefore, the field should be drained completely of 
water 1 day before applying and not be irrigated for 2 days after apply- 
ing. Afterward, the field should be flooded to submerge the hearts of 
the darnels so as to enhance the results of weed killing. Hence, it is 
necessary to apply the herbicide before a darnel has developed two 

leaves and one heart. Generally, best results are obtained by applying 
the herbicide during the one or two-leaf stage of the darnels. The weed- 
killing power of the herbicide is vastly reduced after the darnels have 
gone through the three-leaf stage. 


(2) Stam F-34 is usually applied to seedling beds. Use as a spray at 
the rate per mou of 1.5 to 2 catties of 20 percent Stam F-34 emulsion, 
with 80 catties of water added. Since darnels do not crop up in an 
orderly manner, better results are obtained by making two applications 
to a wet seedling bed. Therefore, the time of application should be 
advanced accordingly. 


(3) Stam F-34 may be applied together with MCPA at the dosage of 0.2 
liang per mou to fields in which both darnels and cyperaceous weeds are 
prevalent. 


(4) Application to rice transplant fields and directly seeded rice 
fields of Stam F-34 mixed with other herbicides, such as NIP, MCPA and 
2,4-D, in accordance with the weed situation, may suppress or eliminate 
many kinds of undesired plants. If darnels are the primary weeds in a 
directly seeded dry field, 2 catties of Stam F-34 emulsion or 0.5 to l 
catty, with 0.2 to 0.3 liang of 25 percent NIP added, may be applied to 
each mou. If non-graminaceous grasses predominate, 1.5 catties of Stam 
F-34, with 0.2 to 0.3 liang of 70 percent MCPA added, may be used as a 
spray. 


Things To Heed: 


(1) Organophosphorous pesticides such as dimethoate and parathion must 
not be used for 2 weeks prior to the application of Stam F-34. Much 
less can it be mixed with them for use. 


(2) The young seedlings of cotton, soybean, vegetables and fruit trees 


are very sensitive to Stam F-34. Therefore, contamination should be 
avoided. 


611 














F. Herbicides of the Homogenous Trinitrobenzene Group Types: They 
include simazine, atrazine and prometryne. 


Properties: A highly selective, systemic- and translocated-type of 
herbicides, simazine and atrazine are mainly applied to corn crops and 
prometryne to paddy rice and cotton crops. All have a long residual 
action. The solubility of simazine in water is low. Therefore, under 
dry conditions, it is better to use atrazine. 


Directions for Use: 


(i) Before corn is planted or before seedlings emerge, application as 
a spray of 50 percent simazine or atrazine wettable powder dissolved 
in water at the rate of 3 to 4 liang per mou may suppress or eliminate 
many kinds of weeds effectively during the entire growth period of the 
crop. But it is less effective against perennial weeds, such as 
nettles. 


(2) In a paddy field, 4 or 5 days after rice seedlings are transplanted, 
mix 0.4 to 0.8 liang of 50 percent prometryne wettable powder with fine 
soil and scatter it in a shallow layer of water. Do not drain off the 
water for the next 6 or 7 days. 


(3) After cotton is planted and before seedlings emerge, use an aqueous 
solution of 50 percent prometryne wettable powder at the dosage of 4 to 
® liang per mou as a spray. 


Things To Heed: Simazine and atrazine belong to a type of herbicides 
that have long residual action and this often affects second or late 
crops grown on the same piece of land. Therefore, the dosage cannot be 
too strong. This should also be noted at the time of intercropping or 
change of crop. On the other hand, prometryne has a shorter residual 
action and it is relatively safe to intercrop 1 month after its applica- 
tion to a dry field. Furthermore, do not contaminate the leaves of the 
crop at the time of application with any of the three herbicides to 
avoid chemical injury to the plants. 


G. Propachlor 


Properties: All are contact-type herbicides of the chloracyl amide 
group with a certain effect as systemics. They are suitable for 
application to crops such as soybeans. Apart from being effective 
against monocotyledonous weeds, they also have a relatively good effect 
in suppressing or eliminating dicotyledonous weeds. They can kill 
sprouting weeds when applied through the soil. In general, they have 
a residual action of about 20 days. When they are applied to the 
foliage, the results are poor. They have a low toxicity to man and 
animals, but are poisonous to fish. 
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Directions for Use: Apply the herbicides as a spray to the soil after 
the crop is sown and before seedlings emerge, at the rate of 0.5 to 

1 catty per mou according to their active ingredients. The higher the 
dosage the longer the residual effect. 


Things To Heed: They decompose easily under alkaline conditions. 
H. Avadex (also known as Avadex No 1) 


Properties: A specific weed killer used mainly to suppress or eliminate 
wild oats, with little effect on other kinds of weeds. It belongs to 
the systemic-type of selective herbicides. Highly volatile and having 
a residual action of about 2 months, it is to be applied only through 
the soil after a crop is sown and before the seedlings emerge. It is 
not very toxic to man and animals, but can cause irritation to the skin 
and mucous membranes. 


Directions for Use: The herbicide resistance of wheat and naked barley 
is poor. Generally, the dosage to be applied over these crops is 1.2 to 
1.5 liang per mou according to its active ingredients. With potatoes, 
broad beans and peas, this dosage may be increased accordingly. 


Things To Heed: It must not be mixed for use with organophosphorous 
materials. 


Preparation, Use and Safekeeping of Agricultural Chemicals 
[. Things To Heed in Preparation and Use of Agricultural Chemicals 


(1) The chemical to be used and its dosage should be determined in 
accordance with the kind of crop planted, its stage of development, the 
type of disease or insect pests involved, the time of occurrence or 
emergence, and the degree of infection or infestation. 


(2) When two or more chemicals are to be used, care should be taken to 
see whether or not they can be mixed in a single application so as to 
avoid lowering or nullifying their respective effectiveness. The 
acidity or alkalinity of an agricultural chemical has much to do with 
whether it can be mixed with another chemical for use. In general, the 
following may be mixed in a single application: a neutral compound with 
another neutral compound, acidic materials with acidic materials, and 
acidic materials with neutral materials. The greatest care should be 
taken in mixing these with an alkaline chemical for use. For details 
consult the table on page 616. 


(3) In the preparation of an agricultural chemical, the prescribed 
method and procedure must be followed so as to insure the quality of 
.« compound. Personnel engaged in the preparation and use of agricul- 
tural chemicals must understand the properties of the agricultural 
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chemicals and the technical requirements involved in their preparation 
and use. 


(4) The water used in the preparation of sprays must be clean, other- 
wise it should be filtered beforehand. 


(5) A spray should be used immediately after it is prepared. Do not 
prepare too much at one time and store it too long so as to avoid lower- 
ing or nullifying its effectiveness. Some sprays (such as Bordeaux 
mixture) must be used as soon as they are prepared. 


(6) Chemical applicators should be washed clean, brushed clean, over- 
hauled and maintained after use. Before using, they should be inspected 
and adjusted so as to avoid breakdown in the course of application that 
may affect the progress of work and lower the results of pest control. 
Especially with applicators for spraying herbicides, they must be 
washed clean carefully after use so as to avoid chemical damage to crops. 


(7) Application of agricultural chemicals must be carried out strictly 
in accordance with technical requirements and working specifications. 
Serious attention should be paid to quality so as to insure the efficacy 
of the chemicals and guard against chemical damage. 


(8) Do not spray when it is windy, or when the dew is heavy in the 
morning or evening, or when the temperature is high at noon, so as to 
avoid poisoning man and animals, affecting the growth of the crop, and 
incurring a loss of the chemical. 


(9) When a suspension is used for spraying, care should be taken to 
stir the spray in order to prevent precipitate from forming which will 
cause unevenness in the strength of the spray, thus reducing its effec- 
tiveness or damaging crop plants. 


(10) If rain occurs within 24 hours after spraying with a nonsystemic 
compound, respraying is necessary after the rain. 


(11) In the application of an agricultural chemical, attention must be 
paid to its toxicity to man and animals and to its residual effect on 
crops after spraying. With toxic agricultural chemicals, the regula- 
tions governing the prohibition period of use prior to harvesting must 
be strictly observed. With such chemicals as BHC and DDT, which may 
produce accumulative toxic action, their use should be controlled as 
much as possible or they should be replaced by other chemicals. Gen- 
erally, prior to harvesting, fruits and vegetables should not be 
sprayed, particularly with a compound that is toxic or has a peculiar 
smell. Furthermore, care should also be taken to determine the toxicity 
of various agricultural chemicals to fish, silkworms and bees so as to 
avoid incurring losses through improper application. 
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(12) When preparing or using agricultural chemicals, give heed to 
safety and handle well the protection of workers. In particular, when 
preparing a highly toxic agricultural chemical, the regulations govern- 
ing such chemicals as contained in the notification published on 

19 April 1971 by the Ministry of Agriculture and Forestry (see part VI 
in this section) should be strictly observed. Also, antidotes to poisons 
should be provided and a special staff should be designated to prepare 
them for use. Clear signs barring entry should be posted on all sides 
of a piece of land where highly poisonous agricultural chemicals have 
been applied or of a storehouse which has been fumigated so as to pre- 
vent human beings and animals from entering by mistake and being 
poisoned. 


(13) Places where agricultural chemicals are prepared or where seeds 
are treated with them should be located at least 200 meters away from 
any well of drinking water, river, messhall, dwelling, livestock stall 
or poultry house. 
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List of Common Agricultural Chemicals Which May Be Mixed for Use 
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1. Agricultural chemicals 14. Lime sulfur 

2. BHC 15. Lime, etc. 

3. DDT 16. Kitazine 

4. Acaricides 17. Stam F-34 

5. Dipterex 18. 2,4-D, MCPA 

6. Organophosphorous pesticides 19. Sodium pentachlorophenol 
7. Carbaryl 20. NIP 

8. Bacterial pesticides 21. May be mixed 

9. Pine oil (turpentine) mixture 22. May be mixed, but must be 
10. Organic arsenical fumigants used immediately 

ll. Tuzet 23. Must not be mixed 

12. Organic sulfur fungicides 24. No need to be mixed 

13. Bordeaux mixture 25. Test pending 
Notes 


(1) Acaricides include chlorfenson and tetradifon. 

(2) Organophosphorous pesticides include parathion, methyl parathion, 
sumithion, sulfotep, malathion, dimethoate, DDVP, systox, thimet, 
disulfoton, phospham, Imidan, Baumenfon, etc. 

(3) Bacterial pesticides include green caterpillar bacteria [qing- 
chongjun], moth bacillicide, Beauveria bassiana, Bacillus 
thuringiensis, etc. 

(4) Organic arsenical fungicides include zinc methane arsonate, CAMA, 
asozine, etc. However, asozine must not be mixed for use with 
such alkaline agricultural chemicals as lime sulfur and lime, 
otherwise it may aggravate fungicide damage. 

(5) Organic sulfur fungicides include zineb, Ambam, maneb, ziran, 
thiram, sodium p-aminobenzene sulfonate, etc. 

(6) Lime includes wood ash. 

(7) 2,4-DB must not be mixed with an alkaline agricultural chemical 
so as to avoid lowering its efficacy; 2,4-D amine salt and 2,4-D 
sodium salt must not be mixed for use with an emulsified agricul- 
tural chemical so as to avoid changing their true substance and 
lowering their efficacy. 





III. Computation of Dilution Multiples of Agricultural Chemicals 
A. Representation of Concentration of Chemical Compound 


(1) Percentage concentration: The proportion of agricultural chemicals 
(this usually refers to the content of active ingredients) in every 100 
parts of spray (or dust) is represented by the symbol % (which is again 
classified into percentage concentration by weight and percentage con- 
centration by volume). 


(2) Multiple method: The amount of diluent (water or filler) in a 


spray (or dust) is expressed in multiples of the amount of the finished 
product of the original agricultural chemical. In practice, when the 
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dilution multiple is less than 100, the internal ratio method is mostly 
used. This means that in computation that one part of the original 
agricultural chemical will be deducted (when the dilution multiple is 
50, only 49 parts of diluent are added). When the dilution multiple is 
more than 100, the external ratio method is mostly used. This means 
that ome part of the original agricultural chemical will not be deducted. 


The formula for computing the content of active ingredients of an agri- 
cultural chemical after dilution is as follows: 


Active ingredients (percentage concentration 2) = [concentration of 
original agricultural chemical ¢ dilution multiple) x 100 


B. Computation of Dosages of Agricultural Chemical and Diluent in 
Dilution 


(1) Computation on the basis of active ingredients: This means the 
method of computing what is required to dilute an agricultural chemical 
so that its content of active ingredients will be at a certain ievel. 
(For example: To prepare a 5 percent DDT granular compound with 50 
percent DDT.) 


(a) To determine the dosage of dilvent (water or filler) from the weight 
of the original chemical compound: 


When the dilution multiple is less than 100: 
Dosage of ciluent = weight of original chemical compound x (concentration 


of original chemical compound ~ required concentration of preparation) * 
required concentration of preparation 


When the dilution multiple is more than 100: 


Dosage of ciluent = weight of original chemical compound x concentration 
of originai chemical compound : required concentration of preparation 


ib) To dCetermine the dosage of the original chemical compound from the 
required weight of the preparation: 


Dosage of criginal chemical compound = required weight of preparation x 
required concentration of preparation # concentration of original chemical 
compound 





(.) Computation on the basis of multiples: This means the method of 
computing only the dilution multiple of an original chemical compound 
without considering its content of active ingredients. 4 


(a) To determine the dosage of diluent (water or filler) from the known 
weight of the original chemical compound: 
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When the dilution multiple is less than 100: 


Dosage of diluent = weight of original chemical compound x dilution 
multiple - weight of original chemical compound 


When the dilution multiple is more than 100: 


Dosage of diluent = weight of original chemical compound x dilution 
multiple 


(b) To determine the dosage of the original chemical compound from the 
required weight of the preparation: 


Dosage of original chemical compound = required weight of preparation i 
dilution multiple 


(3) Computation in the preparation of a required medium-strength com 
pound with a low-strength compound and a high-strength compound ‘as in 
preparing 1 percent BHC dust with 6 percent BHC and 0.5 percent BHC): 


Dosage of high-strength chemical compound = [required weight of prepara- 
tion x (required concentration of preparation - concentration of low- 
strength chemical compound)}] # [concentration of high-strength chemical 
compound - concentration of low-strength chemical compound] 


Dosage of low-strength chemical compound = required weight of prepara- 
tion - dosage of high-strength chemical compound 


C. Table of Dilution Multiples of Original Stock of Lime Sulfur (Table 
of Dilution by Weight) 


Table of Multiples of Dilution of Lime Sulfur With Water by Weight 











Concen- Concentration of diluent 
tration = — 
of origi- 01 02 038 | 9-6 | 9.6 | i i 2 3 i ‘4 $s 





nal stock Number of catties to water to be added 


> ee 


15 ee ee 6.6 2 lé 65 40 274 2.16 








16 ist) 79 53.5 39 31 4.9 7.0 63 30 2.21 





i7 169 6-641 8 416 UD 7.5 4.7 3% 2.4 


—\—a. — ar rr 


is 17s 3 WS 43 MD 7.9 #%GO 35 2.6 
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[Table continued] 














































































































voncen- Concentration of diluent 

tration 
02 OS 04:08) 1 2 8 ‘ 5 

of origi- an eee 

nal stock Nurber of catties to water to be added 
19 iss 93.8 63.4 #9 &.8 i8 8.5 63 3.76 2.8 
20 199 99 4665.8 1 38.9 19 9.0 8.7 40 3.0 
21 209 105 406 70)—ts«#SL.S. 40.9 20 96 6.0 42 32 
22 219 108.1 72.4 54.1 42.9/21 10.0 63 45 3.4 
23 229 110 76.5 4.3 44.4 2 19.6 6.6 4.8 3.6 
24 239 11 $0 (59.2 4.7'229 1.1 7.0 80 338 
25 249 124 )0« 824 le 488 ee OU O74 3 80 
oF on9 1290 86.9 Ge) 50.8 «24.9 ,12.0 7.6 5.5 <2 
27 269 133.8 9.5 6.7 52.9 2 12.56 8.0 6.8 4.4 

i 

28 279 138. 828 4 64.9, H.9 13.1) 63 6.0 4.6 
29 a on ee ee 2 oe 2 oe) oe on ee 
30 209 149.1 99.9 73.7 58.7 28.9,14.0 9.0 6.8 6.0 
31 09 154) 103888 0.5 0 16 84 68 52 
82 m9 «18 108.6 > 63.1'81 (15.0 0.7 7.0 56.8 
83 2? 7 199 5 64.922 15.6200 7.8 8.6 
a4 ) 469.2 4.2 6.6 33 16.1 10.3 7.6 8.8 
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IV. Crops That Are Sensitive to Agricultural Chemicals 


A. Insecticides 





Crops that are 
unsuitable for an 
application of an 


Crops that should 
be handled with 
care in the 





























Insecticide insecticide appiication of an Remarks 
because harm will | insecticide 
be severe because of possi- 
bility of harm 
DDT Cucurbits (espe- | Tomato, soybean, | Emulsions are more 
cially during pear, strawberry | likely to cause 
seedling stage) insecticide «amage 
BHC Cucurbits, Turnip, spinach, | Insecticide damage 
gaoliang carrot, tobacco, | may be reduced 
paddy rice during | noticeably if 
blooming fortified benzene 
hexachloride is 
used 
Chlordane Cucurbits and Cherry, apple, 
greenhouse plum 
plants 
Toxaphene Cucurbits Potato 
Tetradifon Certain varie- 
ties of pear and 
apple 
Parathion Certain varie- Insecticide damage 
ties of apple is liable to be 
caused in low 
temperatures; geu- 
erally dusts are 
considered rela- 
tively safe to use 
Phosphorus Gaoliang and 
dibromide apple trees dur- 
ing budding stage 
Sumithion, Crucifers 
fenthion 
Phospham Gaoliang, peach 
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[Table continued] 





Crops that are 
unsuitable for an 


Crops that should 
be handled with 


| 














licati € care in the 
Insecticide SgpSsCe=les GF oS application of an Remarks 
insecticide 
b harm will insecticide 
ase = because of possi- 
e severe bility of harm 
Dipterex Gaoliang, beans Certain types of 
soybean and corn, 
apple | 
DDVP Gaoliang Corn, cucurbits 
Arsenical Peach, plum, Persimmon (safe | Addition of 
compounds green plum, beans, after June), Bordeaux mixture or 


(insecticide 
damage to broad 
beans and garden 
peas are rela- 
tively light) 


apple, citrus 
fruits and cer- 
tain varieties 
of pear 


zinc sulfate will 
lighten insecticide 
damage noticeably 





Anthracene oil 
emulsion 


Citrus fruits 


Application to 
deciduous fru.t 
trees should be 
made before the 
sprouting stage 





Pine oil 
(turpentine) 
mixture 





Persimmon (un- 
usable in summer, 
but usable in 
winter) 





Citrus fruits 
(liable to 
insecticide 
damage in summer, 
but safe in 
winter) 


Application must 

be made either in 
early morning or 

at dusk 








(1) 


Notes: 


in general usage. 


(2) 


This table only shows damage from insecticide of a strength 


There is a close connection between the occurrence of insecti- 


cide damage and meteorological conditions and methods of 
application, which should be taken into account. 


(3) 


crops: 


(4) 


above are not listed. 


Generally, the following insecticides do not cause damage to 


fluoro-sodium aluminate, pyrethrum emulsion, derris 
preparation, aldrin, dieldrin, endrin and malathion. 


may be made to this table. 
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Certain compounds belonging to the same groups as those 
When using those compounds, reference 








*‘s8uy [pees ay 

eseuTyD pue eed ‘eder’ ‘aoya Apped 
‘a8eqqe> Arate> uo pesn eq prnoys 
uoTInTos 32ed OO9-ORy OA T & fo3RWOR 
pue zequnons ‘oj3ej30d ‘sawnZaT uo 











pesn eq pTNoys uoTanjos 3zed g7f-077z etdde pue 
O21 1 & {S3yMazzZ SMAQyTOS vo pesn ag yoeed ‘and | aprao,yoAxo 
pTnoys uoz3antos 32ed o7f-O%Z ©3 I V *‘uoumysieg aeddoy 
"O07? T 94 PTNOYUS 
@8esop ey} s10jse210e42 ‘epyoTBunj 
*‘sy904 Z JO poyied & 103 papycae Aq WiBy O2 STQETT e128 uUReq usel3 
aq PTNoys eIngxyW xnBepiodg e pue youutds ‘dyuina ‘ojejod 4aeans 
jO een ey vey ‘pettdde jeazy ST ‘ysenbs ‘o8esop aoT & 38 peppe eq 
anj[ne ows, JF fyQuow _[ jo pozszed| pyrNnoys awyT erOsarsyQ ‘ewe, OF BAT? 
@ 10} pepyoare oq prnoys ans tne -7TSU9S BIR UOCTeWI9IeM pue JequnonoD 
owt, JO een oyQ ueyQ ‘petrdde ‘adei’ {(sa0e13 apnay Bunod jo a1e9 
ISAT} ST OANQXTH xnNeepi0og B | ByeQ Inq) asesop iss IeeI3 & Ae peppr 
JI ‘@8N 10} pexyU oq O39 STeOTWeYS 9q PTNOYsS euTT erzczezeyQ ‘aeddoo 
TEANQTNOFARe AeyQO eYyQ JO ejoU © BATITSUeS ore eTdde pure ucumyTs 
OXeL “FORTQ usn3 03 sowny8 Ajdue -19g ‘eoTa Apped pue Arrzeqneijs | se8esop Aue 3e 
asneo AT}TSeO [TITTA esn sqy ‘posaed ‘zeSuyS ‘joaze2 ‘o3ewoR ‘uBeq pRocig epyorsuny Aq 
SupwooTq eyQ BSuyanp anq ‘pesPeacuT ‘ead ueplres’ ‘ATE, ‘uopfuo ‘panos; wiry 03 eTQeyT 
eq PTNOYUS swt, JO eBesop aya ryooyT ‘aB8eqqes ‘azedded pea ‘juetd/| eze jee. pue 
‘o8ege Bujwaoy oeyoztued say Buying -33e ‘Aazeyo ‘ee3 ‘aved eseueder! sureaqhos * 1vad 
‘eTdwexe 1aojy ects Apped axel ‘s3ynazy snagyzo ‘o3ej30d :ae8esop jeseuyy) ‘dyurzn3 
*‘sdoio jo poyszed yymoas ay? ut queTeatnbe ue 3e peppe aq Aew |‘a8eqqeo ArsTe> 
BOUBIATITP & O2 ONpP JUuerez Tp eae apyoySunj & ezojyersyQ ‘apyoFBuny Aq ‘untd useel8 ain 3xyu 
a8ewep epToTBuny Jo suoyTITpuoD | waey 63 STQeTT Jou ele BuTAMoCTT[oO} eu ‘wntd ‘yorsg xneepiog 
| aprorsuny 4q 
sy2¥uay epyoTtBuny jo uc ely Tdde miey 03 eTqQPTT epy>T8una 





AO} @eTQeITNSsuN sre yeYyQ sdo1z5 





e2ze yey sdo1y 








SeprtoTsung ‘g 


623 








‘uspley 
©} Aaqunonod jo szyNzay puv se2areT 
®42 PSNeO TITA OvYZiT ueyI A9MOcT 
y32ue13s e YITA uoTIeIedead Auy 


"O39 ‘isqunons 
‘ojej0od yoams ‘ojewoql ‘uPeq peoig 
‘aBeqqeo AzetTao ‘3Reym ‘Oo 3RI0g 


qeutz 





‘O30 ‘emtT ‘Aanol10euW 10 

szeddoo Suzyuyejuoo uot jeisedead Aue 
‘AINjJTNS OWT, ‘eangxyMW xnePepisog eB 
UIJTM OSN JOJ PexTW aq OU ISHW 


uowwyTsied pue edeaz ‘qeaus 
‘a®eqqed ‘zaqunono ‘ojewo 3 ‘1ieeg 
— a 





*AIp Sy j19yQReM 

@y2 20 ‘MoT a2e seirnjeredue3 

1o *‘Suyuyys sy uns eyQ azo *YysTYy 
aize sernjeiedwe3 ueye Aanfut 
@SNeD O2 PTAQETT ST seaeeT jo 
epTszrepun ay uo peeads apyoTsuny 


‘O39 ‘AaTaeg 

‘qeayan ‘uoTowze3RemM ‘aseqqe> Aleta 
*‘queTd33e ‘piano’ ejyooT ‘piano? 

-xBmM esouTyD ‘ysenbs ‘aeteqqr> ‘ra 
‘eatdde ‘uowmysied ‘saynajy sn1azty 





‘S30 ‘1e8uy? 
*oqeIod 

‘200 ;1de 
‘adeaZ ‘avad 
‘un{d uee738 
‘an td ‘yored 
*‘sounZeT 
*‘o3emo 3 
*‘uoTTTe os 

* zaqunon) 


wegired 





anj{[ns 
out T 





sy1ewey 





epTopsuny jo uozT eo; Tdde 
10} aTqeITNsun ere yeyuQ sdoiy 





aprorsuny Xq 


wiley O23 STQRTT 
aie 3eyu3 sdoay 





apToTsung 





[penuy 3uoD aTqey] 


624 








Appendix: 


Agricultural Chemicals That Must Not Be Immediately Used One 


After the Other and Intervals Between Applications 





Agricultural chemical 
applied last time 


Agricultural chemical 
applied this time 


Interval between the two 
applications 





Bordeaux mixture 
Bordeaux mixture 


Bordeaux mixture 
Bordeaux mixture 


Lime sulfur 


Lime sulfur 

Lime sulfur 
Fumigation with 
hydrogen cyanide 
Fumigation with 
hydrogen cyanide 
Lead arsenate 


Pine oil (turpen- 
tine) mixture 
Soap 

Emulsified machine 
oil 

Emulsified machine 
oil 





Lime sulfur 


Fumigation with 
hydrogen cyanide 
Zineb preparation 
Pine oil (turpen- 
tine) mixture 
Fumigation with 
hydrogen cyanide 
Lead arsenate 
Bordeaux mixture 
Lime sulfur 


Bordeaux mixture 
Nicotine sulfate with 
soap added 


Lime sulfur 


Lead arsenate 
Bordeaux mixture 


Lime sulfur 





2 weeks (citrus fruits), 
1 month (pear, apple, grape) 
1 month 


1 week 
2-3 weeks 


1 month 
5 days 

2-3 weeks 
1 month 
l week 

10 days 
2 weeks 
5 days 

1 menth 
dormant 


1 month 
dormant 


(not including 
season) 
(not including 
season) 





V. Things To Heed in Storage and Safekeeping of Agricultural Chemicals 


(1) 


the storage and safekeeping of agricultural chemicals. 


It is necessary to have a special staff and a special storehouse for 


Placing food and 


feed in an agricultural chemical storehouse is strictly prohibited. 
Custodians of agricultural chemicals must be acquainted with the proper- 
ties of every kind of agricultural chemical. 


(2) 


issuance of agricultural chemicals at a storehouse. 


There must be a certain procedure governing the receiving and 


To take any chemi- 


cals away without authorization or to use them recklessly is strictly 


prohibited. 


(3) 


neither be too high nor too low. 


The temperatures inside an agricultural chemical storehouse can 
It must be dry and well ventilated. 


Agricultural chemicals cannet be exposed to sunlight or to the elements. 
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(4) Agricultural chemicals of different varieties must be stored at a 
certain distance from one another. Do not pile them up at random in one 
place in order to prevent interaction leading to a loss of their respec- 
tive efficacy. 


(5S) All kinds of agricultural chemicals must bear conspicuous markings. 
Incorrect or improper use is strictly prohibited. 


(6) Agricultural chemical storehouses must be inspected regularly. When 
packaged goods are found to have been damaged, they should be repacked 
immediately in order to guard against loss or accident. 


(7) Agricultural chemical storehouses should be provided with safe- 
guards against fire. 


(8) Buildings serving as agricultural chemical storehouses should not 
be located near dwelling houses, messhalls, fish ponds as well as 
sources of drinking water and livestock stails and poultry houses. They 
should be at least 50 to 100 meters distant from these places. 


(9) Custodians of agricultural chemicals or any other personnel must 
not smoke or consume food and drink inside an agricultural chemical 
storehouse. 


(10) Special weighing instruments must be set up inside an agricultural 
chemical storehouse and using them for other purposes is not permitted. 


VI. Things To Heed in the Safe Use of Highly Poisonous Agricultural 
Chemicals 


The following concerning "Things To Heed in the Safe Use of Highly 
Poisonous Agricultural Chemicals" was promulgated by the Ministry of 
Agriculture and Forestry in 1971: 


l. Reinforcement of Organizational Leadership 


At the time of application, all agricultural chemicals highly poisonous 

to man and animals, such as organophosphorous compounds, organic mercuric 
compounds and organic arsenical compounds, can enter the human body 
through the skin, nose, mouth and eyes, and cause toxication. In order 

to follow the policy of safety in production, it is necessary to reinforce 
leadership, exercise strict supervision and carry out thorough inspec- 
tions to prevent accidental poisoning from taking place during supply, 
transportation, safekeeping and application. 


All areas and units which use highly poisonous agricultural chemicals 
should set up a special organization or designate a special staff to 
assume responsibility for the chemicals. It is necessary to do well the 
work of propaganda and education concerning the safe use of highly 
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poisonous agricultural chemicals and conduct training of workers in 
operating techniques and general knowledge of precautions against 
poisoning before they start working with highly poisonous agricultural 
chemicals. It is also necessary to do well the preparation of such 
materials as chemical compounds, applicators and articles for use as 
protection against toxication. 


Sanitation workers of public health units and “barefoot doctors” in 
areas where highly poisonous agricultura] chemicals are used should 
master the methods of emergency treatment for poisoning and have medi- 
cines on hand for such purposes. During the time of applying highly 
poisonous agricultural chemicals, people should be organized to go to 
the fields and make the rounds and when people suffering from poisoning 
are found, they should be given first aid promptly. 





2. Extent of Uses of Highly Poisonous Agricultural Chemicals 
A. Organic Phosphorous Compounds 


(1) Parathion emulsion may be used to control insect pests of cotton 
plants and apple, citrus, pear and peach trees, soil insects and wheat 
spider mites, but it must be applied 30 days before harvesting. 


(2) Systox may be used to control insect pests of cotton plants and 
various kinds of young trees that have not borne fruit. When used to 
control gaoliang aphids, only the method of brushing the insecticide 
on the stalk of growing plants is permissible. Moreover, it must be 
applied 40 days before harvesting. Spraying of apple, pear, peach and 
citrus trees with systox to control insects feeding on them must be 
done 30 days before harvesting. Application of the method of wrapping 
insecticide around tree trunks is limited only to young trees. 


(3) Use of parathion and systox to control the following pests and 
diseases is strictly prohibited: Insect pests of vegetables, insect 
pests of trees in urban areas, mosquitoes, flies, bedbugs, lice and 
other parasites of domestic fowl and animals. Using them to poison 
rats, fish, birds and animals is also strictly prohibited. Moreover, 
it is strictly forbidden to apply them to the skin of man and animals 
for the treatment of such diseases as itch and ringworm. 


(4) Thimet may be used in the treatment of cotton and wheat seeds. 


B. Organic Mercuric Compounds--Principal products in current use 
include PMA, ceresan [or EMC] and fumiron [or PMTS]. PMA and ceresan 
are mainly used in the treatment of seeds of cotton, sugar beet, wheat, 
barley, flax and millet, and in the soaking of rice seeds. Their use 
is strictly prohibited during the heading stage of the above plants. 
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C. Arsenicals--Products more widely used nowadays include white arsenic 
(also known as arsenic, arsenic dust and arsenic white), calcium arsenate, 
lead arsenate, methyl calcium arsenate, methyl zinc arsenate and 
neoasozin. White arsenic may be used to make poison pellets or poison 
bait and treat seeds, and to control underground insect pests and wheat 
smut. White arsenic for agricultural use must be dyed pink in order to 
prevent people from eating it by mistake. 


Calcium arsenate and lead arsenate are used to control insect pests of 
grain, economic crops, vegetables and fruit trees. However, they must 
not be app ied to fruit trees and vegetable crops within half a month 
before harvesting. Calcium arsenate cannot be applied at all to legume 
crops and truit trees, such as peach and plum, to avoid insecticide 
damage. 


Any animal which dies of poisoning from highly toxic agricultural chemi- 
cals must be buried deep in the ground. To use them for food is 
strictly prohibited. 


3. Supply, Transport and Safekeeping of Highly Poisonous Agricultural 
Chemicals 


(1) In the production and supply of highly poisonous agricultural 
chemicals, all packages of material must bear clear expressions and 
markings that they are “highly toxic.” It is imperative that commercial 
departments should sell them only to people on the production of a 
letter of recommendation from a people's commune or production brigade, 
farm, government office, school or troop unit, and be prohibited from 
selling them to individuals. 


(2) When transporting highly poisonous agricultural chemicals, it is 
necessary to give heed to safety and handle them with care. If breakage 
is found or leakage is detected in an inspection of the packaged mate- 
rials, steps should be taken to repack them before transporting. 
Packaged materials that have been contaminated must be disinfected 
promptly. 


(3) When transporting highly poisonous agricultural chemicals, it is 
imperative that they are not loaded and shipped together with foodstuffs, 
melons and fruits, vegetables, as well as sundry goods for daily use. 


(4) There should be a special storehouse and special counters for the 
saiekeepin; and supply of highly poisonous agricultural chemicals. The 
doors and windows of the storehouse should be secure and ventilation 


conditions in the storehouse shoulc be good. Doors and counters should 
be equipped with locks and placed under the charge of a special staff. 
Storage of highly poisonous agricultural chemicals in the same place 


with food, feeds and daily necessities will absolutely not be allowed. 
Sale of the materials at the same retail outlet as food and nonstaple 
food j3 also prohibited. 
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(5) A stock list of the highly poisonous agricultural chemicals in safe- 
keeping as well as a stock list of returnable glass containers must be 
kept. The quantity of materials received and issued should be entered 
clearly. Random removal and storage of materials is prohibited. 


4. Preparation of Chemicals, Treatment of Seeds With Chemicals, Spraying 
of Chemicais and Brushing Piant Stalks With Chemicals 


(1) When preparing chemicals or treating seeds with chemicals, it is 
necessary to use a graduated container (such as a measuring cup or a 
siphon pipe with a rubber tip) to add water (or soil) according to the 
prescribed multiple and not to raise the concentration of the pre >ara- 
tion at random. Tools must be used for stirring in the prepara 1 of 
chemicals and in seed treatment. Touching the chemicals with the hand 
is strictly prohibited. 


(2) A special staff should be assigned to take charge of the prepara- 
tion of chemicals and seed treatment, and the work site should tc iar 
removed from dwellings, enclosures for domestic animals, drinking water 
ditches, and melon and vegetable patches. It is necessary to treat only 
the quantity of seeds needed to be sown, to sow the seeds as soon as 
they are treated, to sow all seeds that have been treated, and to bury 
deep in the ground the small amount of seeds left unsown. Special 
personnel should be assigned to watch over closely the original chemi- 
cals, or the seeds treated with highly poisonous chemicals, or the 
poison baits brought to the field in order to guard against loss and 
against domestic fowl and animals eating them by mistake. 


(3) When applying agricultural chemicals, it is necessary to stand 
upwind to protect against contamination of the body by spraying or dust- 
ing. All spraying or dusting should stop when the wind becomes strong 
or the weather gets hot at noontime. When brushing chemicals on the 
stalk of growing plants, it is necessary to use a stalk-brushing imple- 
ment with a long handle. When spreading poison grain or poison baits, 
it is necessary to do it with a seed drill. 


(4) It is necessary to erect signs on fields that have been sprayed or 
dusted or that have been treated with poison baits. Grazing, grass cut- 
ting and digging for wild vegetables should be prohibited there within 

a certain period of time so as to guard against poisoning of man and 
animals. 


(5S) After the control work is completed, surplus spray (dust), poison 
grain and the water used in cleaning the implements should be kept in 
safety or disposed of properly. Dumping them at random or emptying them 
into streams and ditches, water wells and ponds is prohibited. Surplus 
poison grain or baits absolutely cannot be used as food by man or 
animals. 
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5. Working Personnel 


(1) It is imperative that adults who are reliable politically, con- 
scientious and responsible in their work, and in good health, and who 
have been given technical training be selected as personnel to work 
with highly poisonous agricultural chemicals. 


(2) Persons assigned to the work of preparing chemicals, treating seeds, 
brushing chemicals on the stalk of growing plants and spraying or dusting 
must be given a physical examination by the local public health unit. 

All persons who are of delicate health or who suffer from mental disease, 
skin disease, poisoning from agricultural chemicals, or other diseases 
and have not fully recovered, must, without exception, not participate 

in work using highly poisonous agricultural chemicals. Women during 
their nursing period, pregnancy or menstruatior « 4d persons with cuts or 
bruises on their body should stop or temporarily stop taking part in 
spraying or dusting work. 


(3) When using highly poisonous agricultural chemicals, it is necessary 
to wear a mouth covering. Personnel engaged in the work of preparing 
the chemicals and treating seeds with them should also wear gloves. 

When organophosphorous compounds are used, emphasis should be placed on 
protection against skin contamination. If it is discovered that the skin 
has been contaminated with spray, it should be washed clean immediately 
with an alkali wash water or with soap. While at work, it is forbidden 
to smoke, drink water, take food or use the hand to rub the face or eyes. 
While resting, it is necessary to clean the hands and face thoroughly 
with soap before smoking, drinking water or taking food. After use, 
protective articles of wear should be thoroughly cleaned in time and 
properly kept in safety, ready for use the next time. 


(4) Personnel who use highly poisonous agricultural chemicals should 
work in rotation. The actual working time should not exceed 6 hours a 
day. After working with highly poisonous chemicals for 3 to 5 days in 
succession, they should be assigned to some other work for a day. 


(5) If working personnel develop a headache, dizziness, nausea or 
vomit, tney must immediately leave the work-place, remove their con- 
taminated clothing, wash clean their hands, face and contaminated spots 
on the skin, and be sent quickly to a public health unit for treatment. 


6. Implements and Containers 


(1) When the original chemicals are used up, the containers such as 
empty bottles, cans and plastic bags, should be forwarded to the 
custodian tor centralized sifekeeping. They absolutely must not be used 
to hold cooking oil, wine, drinking water or other edibles. Empty cans 
(bottles) are to be recovered and disinfected by commercial departments 
and then turned over to agricultural chemical plants to be utilized again. 
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(2) Before use, applicators should be inspected thoroughly and checked 
for needed repairs. If a defect, such as leakage or blockage, is 
detected, the applicator must be flushed clean with clear water before 
repairing. To use the mouth to blow the nozzle of a sprayer is for- 
bidden. All implements must be collected for centralized safekeeping 
after use each day. Takine them home is strictly prohibited. 


VII. Usual Symptoms of Poisoning From Agricultural Chemicals and Ways 
of Counteracting the Poison 


A. Symptoms of Poisoning--Usual symptoms of poisoning from agricultural 
chemicals nairly include the following: nausea, vomiting, abdominal pain, 
diarrhea, headache, dryness of the throat, thirst, salivation, convulsions, 
rapid or weak pulse, mental depression or excitement, tachycardia, dizzi- 
ness, difficulty in breathing, expressionless eyes, loss of appetite, 
tremor, ringing in the ears, reddening and swelling, and so forth. if, 
because of swallowing some agricultural chemicals by mistake or contact 
with them over a long period of time, certain of the above symptoms 
develop, measures should immediately be taken toe nullify the effects of 
poison. 


B. Ways of Counteracting Poison 


(1) Acute poisoning through swallowing of some agricultural chemicals 
into the gastrointestinal tract by mistake or due to other causes: 


(a) Induced emesis: When it is poisoning from a mercuric compound, a 
fluorine compound or a chlorine based compound, take raw eggs with alum 
water (10 to 20 raw eggs with about 10 grams of alum added); when it is 
poisoning from a phosphorous compound, take a 1 to 2 percent solution of 
sodium bicarbonate; when it is poisoning from zinc phosphide, take a 

1 to 600 part solution of copper sulfate for medicinal purpose. Given 
the conditions of there being no emetics available, fingers may be used 
to irritate the throat so as to bring about vomiting. 


(b) Mild catharsis: Emesis often cannot cause a person to rid his 
bowels completely of agricultural chemicals. Therefore, it is still 
necessary to take a mild cathartic for stimulating evacuation of the 
bowels. If it is poisoning from a mercuric compound, take 25 grams 

of sodium thiosulfate; if it is poisoning from a chlorine based compound 
or zinc phosphide, take 30 grams of magnesium sulfate. 


(c) Counteracting poison: An antidote may be taken to nullify the 
effects of the poison when some agricultural chemical is swallowed 
thereby causing poisoning. If poisoning is from a fluorine compound, 
defecated or clarified lime water may be taken (add 1 soupspoon of lime 
to a big bowl of water, stir and let stand until it is clarified); if 
poisoning is from an arsenic compound, a solution of “ironic hydroxide" 
mixed with “iron oxide” may | given; if poisoning is from formaldehyde, 
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a 3 percen- solution of ammonium carbonate or ammonium acetate may be 
taken; if voisoning is from hydrogen cyanate, a 0.04 percent solution 
of potassium permanganate or a 2 percent solution of baking soda may 
be taken. 


(2) Chronic poisoning through contact with or inhalation of agricul- 
tural chemicals: 


(a) A victim of poisoning should be ordered to immediately leave the 
site of application or storage of agricultural chemicals and proceed to 
a quiet place to rest. 


(b) The victim should be given an antidotal preparation orally or by 
injection. If poisoning is from a mercuric compound, inject a 3 to 5 
percent so.ution of 10 to 20 milligrams of sodium thiosulfate; if 
poisoning .s from an organophosphorous compound, take 2 to 3 tablets 

of “atropine” orally or a solution of 1 to 2 milligrams of “atropine” 
mixed with about 1 gram of “pyraloxime methiodide” by injection; if 
poisoning is from zinc phosphide, take 150 milliliters of a 0.1 percent 
solution of potassium permanganate. 


(c) When feeling mentally prostrate or weak, drink strong tea of 
natural coffee. 


(d) When being affected with a spasm or shivering, take one tablet of 
barbiturate (sleeping draught). 


(e) When the victim is having difficulty in breathing, give him arti- 
ficial respiration. 


(f) When reddening and swelling appear on part of the body, warm water 
and soap may be used generously to rub the affected places so as to 
cleanse them of agricultural chemicals, then apply some medicinal 
ointment. 


(2) Ammonia vy be given as on inhalant in relieving dizziness as a 
result of poisoning from agricultural chemicals. 
‘ In ger.ous cases, 4 ysicitan should be called or the poisoned 


person should be sent to « hospital for treatment. 
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Il. Controlling Insects With Insects 
A. Small Black Green Bee (i.e., Small Golden Bee) (Dibrachys cavas Waike: 


The small golden bee is a parasitic natural enemy of the cotton pink boli 
worms. It possesses the following advantages: Its rate of reproduction 
is high and its parasitic potential is strong; beekeeping equipment and 
installations are simple, the technique is simple and investment is smali; 
the bee is safe and effective. The utilization of small golden bees to 
eliminate overwintering cotton pink bollworms is an effective measure of 
pest control. 


(1) Collection of bees: Im autumn, before the cold weather sets in, 
bees for breeding purposes may be collected in old cotton storehouses 
(especially old storehouses where small golden bees have been placed in 
straw or wooden walls in the past) and kept in a hot box for breeding. 


i2) Rearing of bees: 


(a) Major equipment and implements: Rearing boxes (hot boxes), rearing 
cabinets, a mud hothouse, thermometers, hygrometers, paper bags, etc. 


(b) Gathering of cocoons: The food for bees kept for breeding is the 
cocoons of cotton pink bollworms and the best cocoons are those found in 
the seéds of cotton. To rear 1 million bees 300 catties of cotton pink 
bollworm cocoons are needed. Apart from gathering natural cocoons, 
attractants (such as plastic sheetings and jute bags) may be placed on 
top of a pile of seed cotton to encourage the larvae of cotton pink 
bollworms to construct their cocoons there. 


fc) Selection of cocoons: Selection is best carried out on a glass- 
topped wooden box with a 15-watt electric bulb inside. With the light 
of the lamp, pick out the live cocoons, which are red and soft, shiny 
and smooth on the outside, and eliminate the dead ones, which are hairv, 
dry and yellowish in cclor. 


(a) Pre ervation of cocoons: fhe insect cocoons gathered from the 
seeds of cotton may be laid out on a bamboo curtain layer upon layer 

to a thickness of 15 to 25 centimeters. Those cocoons peeled off and 
selected for use may be placed on er bamb: urtain or wooden 
buard coverec with oid new ae | nad a -~inchethick laver of cotton. 
The cocoons mav be laid out to a thickness of 3 to 6 centimeters. Turn 
them over once every 5 to / days an > a 4 percent solution of carbol! 
acid to disinfect them. \lso, 1 3 tc act the matters as ventti 
ticn, temperature ntroi moisture control (70 to 80 per 
‘ent), protection against ra ind birds, and protection against crushing; 
(ec) Breeding: Small golden bees my be bred and will lay eggs 2 to 3 


days after they form wings. ‘irst, use a brush to sweep the bees into 








glass tube (stuff both ends of the tube with cotton afterward) and leave 
them there for a day to mate. Meanwhile, use a solution of potassium 
cyanate and 3 percent carbolic acid to disinfect the preserved insect 
cocoons and spread them out on an earthen tray in a thin layer. After 
the poison has volatilized in a few hours, place the small golden bees 
on top of the cocoons to iay their eggs after breeding. 


(f£) Management: To breed small golden bees in rearing cabinets inside 

a mud hothouse, it is necessary to maintsin the temperature at 18° to 
25°C and humidity at 76 to 80 percent, and disinfect regularly with a 
solution of 3 percent carbolic acid so as to prevent molds and parasitic 
mites that cause grain itch from developing. Since small golden bees 
reared in winter cannot be released immediately, their growth should be 
delayed by subjecting them to low temperatures. The method is to begin 
checking the degree of development of the bees 9 or 10 days after matine. 
When 20 to 30 percent of them have pupated, transfer tiem out of the 4h -- 
house for storage in a normal room temperature. 


(3) Release of bees: The bees may be released when the mean air 
temperature is above 14°C. Generally, this is early-to-mid March in the 
southern cotton growing areas and late March to early April in the 
northern cotton growing areas. The number of bees to be released should 
depend upon the size of the cotton storehouse and the number of cotton 
pink bollworms overwintering there. As a rule, 1,000 bees may be 
released inside a storehouse containing 10,000 catties of unginned 
cotton. The way of doing it is to release en masse adults of the small 
golden bee that have just sprouted wings, either inside glass bottles or 
in envelopes or paper bags (with one corner cut off) pasted on the walls 
of the storehouse. Before placing the bees in a bag, it is necessary 
first to take a random sample of insect cocoons in which bees are being 
reared for checking to determine the number of cocoons that should go 
into one bag. In general, each bag should contain about 500 bees. 


(4) Checking for effectiveness: Three weeks after releasing che bees, 
the storehouse should be checked for the rate of reproduction and rate 
of parasitism by the bees. If the density of cotton pink bollworms 
remains high and the death rate among the bees is also high, a second 
release of bees may be in order. Make another inspection before the 
pink bollworms pupate in great numbers and conduct evaluations of the 
results of pest control in the cotton fields during the flowering and 
boll-forming stages. 


(5S) Preservation of breeder bees in summer and rejuvenation of bee 
colonies: In summer, just before the pupation of cotton pink bollworms, 
the larvae of small golden bees should be transferred to an icebox set 
at a low temperature (3° to 6°C) for oversummering and preservation. A 
species community of bees will gradually degenerate after having gone 
through a iong period of intraspecific inbreeding and therefore rejuve- 
nation should be carried 9° ‘:vcugh the introduction of bees from else- 
where for intraspecific outbreeding. 
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5. Trichosramma ssp. 


(richogramma ssp. are a widely distributed species of parasitic bees that 
have a mulcitude of hosts and feed on insect eggs. Up to the present 
they have been used successfully to control many kinds of pests, includ- 
ing corn borers, insects of the species Dendrolimus spectabilis Walker, 
vegetable green worms, sugarcane borers and double tail Notodontidae. 


(1) Collection of Trichogramma for breeding: Local natural Trichogramna 
may be coliected for breeding in fields or forests following the peak of 
the laying season of the insect pests. Or they may be collected in fields 
or forests with artificial attractants by using insect exgs, which the 
Trichogramma has been adapted to live on, to fashion “egg twigs” or “egg 
cards” (insect eggs pasted on a thin pasteboard is known as an egg card) 
beforehand. Or superior queen Trichogramma may be introduced from units 
concerned with breeding. 


(2) Artificial breeding: 


Collection of host eggs for breeding Trichogramma: For the artificial 
breeding o. Trichogramma, the eggs of castor silkworms are mostly used 
in the southern part of the country and those of tussah silkworms in the 
northeastern part. A sufficient quantity of the cocoons of female silk- 
worms shou.d be prepared beforehand and put in cold storage for preserva- 
tion. These cocoons should be warmed for use batch by batch in a planned 
way according to breeding needs. With the cocoons of tussah silkworms, 
they are mostly hung up in a string inside a mud hothouse for warming. 
From 5°C the temperature is raised gradually until it reaches 18°C and 
then is kept constant. As much as possible, the silkworm cocoons should 
2 warmed evenly so that the moths will develop uniformly. In about 35 
days silkworm moths will emerge. Pick out the male moths and dispose of 
them promptly. Then wait uncii the female moths have extended their 


wings before catching them ard placing them on a bed of cocoons lined 
with plastic sheeting or in a silkworm basket to lay their eggs. 

viuing eggs to thin cardbourd: Flush the collected silkworm eggs clean 
ind dry them in the shade. (Fine sand added to water may be used to rub 
the eggs of tussan silkworms; since the eggs of Dendrolimus spectabilis 
Walker are relatively thin, Chey need sot be washed in this way.) Then 
affix the egg particles with giue on thin cardboard. The egg cards are 
ready ior the Trichograr ay Couelr eggs after insemination. Paste 
about 100 Cussah silkworm eggs to each card. Guard against covering the 
eges with glue or pasting one ege over another so that the breeding 
(richogramma will not be hampered in laying their eggs. 

Reproduction of Trichogramma: nen the [richogramma begin to sprout 
wings, they should first ea witli honey water (dissolve 1 part honey 


in 4 to 5 parts clear water, wet some strips of blotting paper in the 


liquid and hang them up in front of the inseminator) once or twice a day. 





Take advantage of the tendency of the Trichogramma to seek light and 
place some egg cards in front of the incubator (in the direction from 
which light shines). For the purpose of egg laying, the ratio of female 
Trichogramma and tussah silkworm eggs should be 1:2, and the ratio of 
female Trichogramma and eggs of the Dendrolimus spectabilis Walker 
should be 1:5. Egg laying time should take about 0.5 to 1.5 days, 
according to the prevailing conditions. Temperatures similar to natural 
temperature variation are better than a constant temperature for the egg 
laying. A mean temperature of between 20° and 25°C and a relative 
humidity of 80 to 90 percent are generally suitable for such purposes. 
After the egg laying by the Trichogramma, the cards should be placed in 
separate bags according to the date of laying and transferred to a 
weather box to undergo natural hardening until such time as they have 
developed to the pre-pupal stage (when the embryos of the legs, wings 
and antennae of the Trichogramma pupa can be recognized). Then they are 
put in below 4°C cold storage for future use. 


(3) Release of Trichogramma: Before releasing the Trichogramms, survey 
the pest situation and examine the Trichogramma cards well. Examination 
of the Trichogramma should be done with a microscope. Check the total 
number of Trichogramma, the percentage of females (not to be less than 
0.8 percent) and the growth conditions of the Trichogramma. The number 
of times that the Trichogramma are to be released should be increased 
when the density of the pest population is high, the laying season of 

the pests is continuous, or the effect of natural enemies on the pests 

is not strikingly noticeable. If the Trichogramma are to be released 
only once, it is better that this be done before the peak of the laying 
season; if they are to be released twice, it is better that this be done 
at the beginning and at the peak of the laying season. As for the number 
of Trichogramma to be released each time, generally outstanding results 
are obtained if it is not less than 30,000 per mou for a corn crop and 
not less than 40,000 per mou for a pine forest. Every two release points 
should be i0 to 30 meters apart. The wind direction should als» be taken 
into consiceration and release points upwind should be increased in num- 
ber accordingly as well as the number of Trichogramma to be released from 
those points. As for the methods of releasing the Trichogramma, either 
setting free the adults or hanging up the Trichogramma cards will do. 

The latter method is the more convenient, however, since it merely calls 
for securing the Trichogramma cards at a height of about 2 meters in a 
field or forest at points facing the wind. 


(4) Checking for effectiveness: In accordance with the type and charac- 
teristics of the host, check the rate of parasiticism of the Trichogramma 
in the eggs, the density of the pest population, the percentage of infested 
plants, and the effects on increasing yields. 


(5) Rejuvenation of breeder Trichogramma: Trichogramma colonies often 
tend to degenerate as a result of overbreeding indoors or due to high 
temperatures and low humid’! egeneration is characterized by the 


639 





effective in killing insects. In addition, since Beauveria bassiana is 
a destructive pathogen as far as silkworms are concerned, it should not 
be applied to areas where silkworms are being raised. 


Production by Native Methods 


(1) Flow of production: 


25°-28°C . 
6-7 days” 





Slide culture ——> cultivation of mother agent (solid spores) 


25°=-28°C 
12-15 day 





solid state fermentation _? finished product 


(2) Composition of culture media: 


(a) Medium for slide culture: Potatoes, 200 grams; + ite sugar, 20 
grams; agar, 20 grams; peptone, 5 grams; water, 1,000 milliliters. In 
areas where potatoes are not available, 300 gr-=ms of sweet potator. may 
be used as a substitute. Also, peptone may be omitted. 


(b) Medium for the cultivation of the mother agent: Wheat bran with 
corn rachis meal added (1:1) or wheat bran with meadow carbonaceous soil 
added (1:1). Water is added at the rate of 0.5 to 0.6 catty per catty 
of raw material. 


(c) Solid state fermentation: Same as the cultivation of the mother 
agent. To each catty of raw waterial 8 liang of water are added. 


(3) Checking for quality: 


(a) Slide culture: The spores formed have a white powdery appearance 
and the entire layer is either thick and firm with a uniform color or 
resembles a colloid. 


(b) Mother agent: Pure white in color. 


(c) Finished product: Seen with the naked eyes, it is in dry powdery 
form. When touched with the hand, a cloud of white dust rises in the air 
and the thicker the dust the higher the quality. If gray lumps are 
formed, it indicates that impurities have been mixed in. 


(4) Explanation: The operating techniques in actual production are 
basically the same as the customary methods of culturing fungi. 


B. Green Caterpillar Bacteria and Moth-killing Bacilli 
Both are aerobic bacterial drugs for farm use and by classification 


belong to the Bacillus cereus Frankland group of bacteria. In its 
culture medium, a colony of the bacteria appears to be grayish-white in 
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(2) While in storage, the microbial powder must be sealed tightly and 
kept in a dry, cool place. 


(3) The microbial powder must not be mixed for use with fungicides. 
Production by Native Methocs: 
(1) Flow of production: 


28°-30°C 28°-30°C 











‘lide c 4 

Slide culture 1 dav -—> cultivation of mother agent 15-20 —* soli 
© on . 

State fermentation os cae > drying oc, finished product 


(2) Composition of culture media: 


(a) Media for slide culture: (i) Chop 1 catty of lean beef into a paste, 
add 1 liter of water and soak for 30 minutes. Boil for another jv minutes 
and after cooling add the white of an egg and mix well. Strain the 

liquid and make up the water lost to the 1,000 milliliter level. Then 

add 20 grams of agar; (ii) Prepare 1,000 milliliters of a 10 percent 
infusion of wheat bran, or a 10 percent infusion of soybean cake, or a 

10 percent infusion of powdered chrysalises of the silkworm, or a 6 per- 
cent infusion of fish meal (in each case, soak the material in water for 
30 minutes, boil for another 30 minutes, and then strain), and add 20 
grams of agar. Choose either one and mix to pH 7.0-7.2. 


(b) Media for the cultivation of mother agent: (i) Mix the following 
ingredients in the ratio indicated: rich fertile soil 2.5, rice hull 5, 
wheat bran 2.5, soybean meal 0.5, ammonium sulfate 1, and add 1.1 to 1.2 
times as much water; (ii) Mix the following ingredients in the propor- 
tion indicated: wheat bran 65 percent, soybean meal 25 percent, fish 
mal 5 percent, solid sodium hydroxide 1.2 percent, and add 200 percent 
by volume of water; (iii) Mix the following ingredients in the propor- 
tion indicated: wheat bran 60 percent, soybean meal 25 percent, beef 
broth 10 percent, alkali 1.2 percent, calcium-magnesium-phosphate ferti- 
lizer 0.5 percent, and add 1.2 times as much rice soup. Choose one of 
the above three media and mix well. 


(c) Solid state fermentation: Same as the cultivation of mother agent. 
(3) Checking for quality: 

(a) Slide culture: The fungous growth is thick, grayish-white and dull 
in appearance, or slightly wrinkled, and occasionally has sawlike notches 


along the edges. 


(b) Mother agent and finished product: Use the method of counting by 
diluting a colony of microc~ cicms in a culture dish to compute the 


643 











number of uctive spores in the mother agent and finished product. When 
a microscopy shows that the majority of mycelia bave already formed 
spores and that 206 percent of the spores have become detached, the 
mother agent may immediately be used for production. Or, the microbial 
powder may be diluted with 500 parts of water to treat some vegetable 
leaves. Alter drying, the leaves may be used to feed vegetable worms 
(20 to W worms of medium size are fed in each test) in temperatures 
ranging from 28° to 30°C. If after 24 hours the death rate among the 
vegetable worms exceeds 70 percent, the microbial powder is considered 
to be up to the required standard. (If the spore content is low, the 
dilution ratio may be reduced.) 


(5) Explanation: The operating techniques in actual production are 


: 


basically the same as the customary methods of culturing bacteria. 
I\ Controlling Diseases With Pathowens 
\. Kasugarnycin 


Tiis was iselated and obtained from the soil in Jiangxi Province by the 
Institute of Microbiology of the Chinese Academy of Sciences in 19664, 
Named the Smail Golden Actinorycete (Symbol 730 Antibiotic), it is for 
farm and medicinal uses. The actinomycete belongs to the aerobic type 
yf microorganisms. The antibiotic strongly affects the entire plant 


system and has a lone residua ion Onlvw low dosages are necessary 
-’? 
thus damage to crops is minimal Chiefly, it is used to control blast 


of rice. It is nontoxic to man and animals. 


Directions tor Use: Cenmerali mtrol blast of rice, better results 
ire obtained by ine 4 ‘asucarnycin o8 a spray at the rate of 
100 to 200 cattti Der mou : in usually conducted once during 
the late stage of tillering as ‘e during the full heading stage. 
ring vil tt pray is applied during the full 
headine st | f 4 ine ifter the crop {fs sprayed, there 
Will be little ef f« ‘ f the antibiotic substance, 
therelore respray 
binky iO eg 

The acdi 8 of neutral soap may increase 
tiv lhesivens ive but the soap content must 
mot ceed U.. percent i recucine the effectiveness of 
the spray cue t ini acy of Kasugarnycin remains 
relatively stable wh: mn tends toward acidity or 


neutrality. ) 


{)) Mixins Kasugar >! has the effect of increas-~- 
ing the effectivenes ot t i 7 substance. Results are also 
infusion of tea-seed 


relatively eood when it i ixed e with 








cake, a locally made farm drug, but attention must be paid to its density 
at the time of application. Also, avoid spraying with the mixture during 
the flowering period of the crop, because severe damage is likely to be 
caused by the infusion of tea-seed cake. 


B. Lupao [7627 0202] No 1 


Consisting of fungous spores isolated for the first time from withered 
soybean dodders by the Shandong Provincial Academy of Agricultural 
Sciences, Lupao No 1 is a specific biological weed-killer used to con- 
trol dodders parasitic on soybean and may be vroduced by native methods. 
It is nontoxic to man, animals and crops. (Industrial products usually 
contain 6 to 7 billion active spores per gram and those produced by 
native methods orten contain as many as 3 to 4 billion.) 


Directions for Use: In general, the spraying method is used. Place 

the antibiotic substance in a powdery form (at the dosage rate of 0.5 to 
0.8 catty per mou for industrial products and 1.5 to 2 catties ¢.: amu 

for native products) in a cloth bag and bind it tightly. Use a smaij 
amount of water to soak the bag for 30 minutes, rubbing it with the hands 
from time to time. Change the water four or five times. After straining 
to remove any sediment, collect this wash liquid and add more water 
according to the spore content of the antibiotic substance (so that the 
concentration of the dilute solution is 20 milifon to 30 million spores 
per milliliter). As a rule, about 200 catties of the microbial solution 
is needed for every mou. This is sprayed either in the afternoon or at 
dusk. Results are most pronounced when application is made in the fields 
during the seedling stage after dodders nave in the main emerged from the 
ground. Usually, two applications are made at an interval of 5 to 7 days. 
For best control at a later stage break the vines of the dodders to create 
a wound, so as to increase the effectiveness of the spray. 


Things To Heed: 


(1) The antibiotic substance should be stored in a dry, cool place. 
Its duration of effectiveness is 1 month when the air temperature is 20° 
to 25°C and 3 months when the temperature is 5°C. 


(2) Sprays should be used up after they are prepared. The antibiotic 

substance or spraying solution must not be exposed to the sun or placed 
in it. They must be covered. The proper temperature of water used in 

the preparation should be between 22° and 23°C. Spraying at noon when 

it is extremely hot should be avoided. 


(3) Lupao No 1 must not be mixed for use or stored together with 
acidic or alkaline substances. However, if a 0.01 percent neutral 
laundry soap powder is added to an aqueous solution of Lupao No l, it 
will be even more effective. 
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(4) Before spraying, all applicators and other utensils that have 
previously been used in applying agricultural chemicals must be scrubbed 
with soap and flushed clean with clear water. 


Production by Native Methods: The operating requirements are basically 
the same as those for the production of other fungous substances. 


(1) Flow of production: 














96° 97° 
Slide culture ae ome cultivation of solid mother agent (solid germs) 
- ay’ 
.. a) . -) . 
£2. si > solid state fermentation 22-216 > air drying below 30 ty 
4-5 days 4-5 days 


finished product 
(2) Composition of culture media: 


(a) Medium for slide culture: Potatoes, 200 grams; sugar, 20 grams; 
agar, 20 grams; water to be added to 1 Liter. 


(b) Medium for the cultivation of solid mother agent (solid spores): 
Wheat bran 80 percent, corn meal 10 percent, soybean meal 10 percent, 
water to be added is by volume 1.1 to 1.3 times that of the dry mate- 
rials. 


{c) Solid state fermentation: Wheat bran 40 percent, chaff 40 percent, 
corn meal 10 percent, soybean meal 10 percent, water to be added is by 
volume 1 to 1.2 times that of the dry materials. 


(3) Checking for quality: 
(a) Slide culture: A relatively thick laver of tangerine red mold is 
tormed on the slide 3} or 4 days iater No other fungous growth, 


colloidal or downy, should appear. 


{b) Cultivation of mother *eent medium appeare to be ¢t ingerine 
red in cr lor. 


fc) Solid state fermentation The medium appears to be tangerine red 
in color. 








Main Performances of Various Chemical Applicators 


fable 1. Performances of All Kinds of Hand Cranked Dusters 












































} 1 
item | Unit q Mode | 7 
L j Fengshou-10 Fengshou-5 | Zhinong-® | Xinfeng-? 
_ + - 
Length x width)Centimeter | 65x51x45 100x6 3x 32.5x24.4 | 33x25x33 
x height | 28.5 x46.5 
we ight | Kilogram | 6 5.5 5 5 
= 4 
Ef fective Liter 10 5 8 7 
capacity oi | 
barrel beds | 
=o > duce = 
Rated revo- Revolvtions/ 50-60 31 50-60 | 50 
lutions of minute ; 
crank handle 
Transmitting | 1249.2 1:49.2 | 1:3] 1:40 
ratio 
Wind Meter3/ 7 l 1.2 l 
capacity second a 
Wind speed Meter/second | 12 6.38 Greater 13 
than 12 
Maximur dust- |Lite:/minute | 0.45 0.3 0.45 0.5 kilo- 
ing capacity gran/minute 
(kaolin) 

Number of ] 2 l 
dust nozzles Per nozzle 
Rate of pro- j|Mou/hour 3.5 
duction 
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Table 5. 





verformances of Engine-driven Mist Sprayer-Duster 

























































































Model 
Item Unit 
Dongfanghong-18 | Hongqi-3-1 | Hongqi-15 
Length x width x | Centimeter 33 x 45.1 x 68 (58 x 38 x |35 x 53 x 
height ) 72.5 67.5 
Weight | Kilogram 14 17 13 
Model of engine 1E4OF 1ESOF 1E40, 
Rated power Horsepower 1.6 3 1.6 
Speed of rotation | Revolutions/ 5000 6000 5000 
of fan minute 
m- Dusting | ; : 0.184 0.39 | 0.202 
cnyacity | Mist aceite 0.142 0.176 
_ Spraying 
Wind speed Dusting 60 79 67.6 
at wind Mist Meter/ second 70 B44 
outlet | spraying 
Hori- | Dusting Meret 30 25 and above 35 
zontal Mist 10 15 12 
—— | spraying 
Vertical | Dusting 16 20 18 
, Meter 
— | Mist 7 10 11 
spraying 
Spray tank capacity | Liter ll 14 15 
Spraying | Dusting ikeefetesies 0-4 0-4 0-4 
capacity Mist | : 0-1.7 0-1 0-3.05 
| Spraying 
’ | Dusting 
— Mou/hour 
produc- Mist 
tion | Spraying 
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Organization of Aerial Spraying Work 


[. Selection of Site and Construction of Airfield 


A. Selection of Site 


The site selected for the construction of an airfield should be centrally 
located, convenient for communication, broad and flat with the ground hard 
and firm. It should not accumulate water after a rain or become dusty 
when in use. 


B. Length, Width and Position of Runway 


(1) Base airfield (airfield for the overhauling, refueling and overnight 
parking of planes due to a large spraying area): The runway should be 
600 meters long, 50 meters wide and laid out in the same direction as (ue 
locally constant prevailing wind during the chemical spraying season. It 
should be ievel, hard and firm, and there must be no potholes a:. ruts. 
(After a runway is constructed for the use of An [1344]-2 model air- 
planes, it should first be tested with a 5-ton truck to see that no ruts 
are made, then and only then may it be used.) At each end of the runway 
a 50- to 100-meter safety strip should be added. When conditions permit, 
cross runways may be constructed in order to adapt to changes in the wind 
direction. 


(2) Advance irfield (where planes do not park overnight): In order to 
lower the cost of operation and raise efficiency, an advance airfield with 
one runway and facilities for refueling of farm chemicals should be con- 
structed when the airfield is over 10 kilometers away from the spraying 
area. The length of the runway and its orientation and quality should be 
the same as those of the base air‘ield. 


(3) Airfiela equipment and installations: An airplane gasoline storage 
shed, an agricultural chemical storage shed and mud embankments to pro- 
tect the airplanes (semicircular mud walls, inside which ground moorings 
are laid to secure the airplanes at night) should be constructed on the 
base airfield. Close by the mud embankments are work sheds, taxiways, 
aprons, mat sheds for the deposit of sprays and dusts, sentry boxes, a 
water reservoir, and tents and furniture for the use of working personnel 
to rest. At the time of spraying, two 2-hp electric water pumps and two 
10-cm-diameter water hoses should be furnished. At the time of dusting, 
such necessary tools and utensils as a ladder for refilling dusts and 
dust sifters should be made available. 


Il. Organization of Chemical Spraying Work 
(1) In order to raise efficiency and insure safety, there should be a 


single organization to direct operations in the chemical spraying area. 
Also, communication equipment should be required for insuring close 
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contact and coordination between the airfield and flying personne] on the 
one hand and the spray area on the other. 


(2) Before an operation is undertaken, the chemical spraying unit should 
draw up a working map, marking out the location, distance, area and length 
of every piece of land that needs to be sprayed, and determine the working 
sequence and flying routes together with the [flying personnel. 


(3) Organization of signal teams: 


(a) A signal team is an important part indispensable to the work of 
directing aerial spraving. Therefore, personnel who are good in political 
outlook, young and robust, abie to face and bear hardships, quick in their 
movement, and familiar with the local topography should be selected to 
take charge. As a rule, a team consists of 8 to 10 persons, with one team 
leader and one deputy leader, who are to stand at both ends of the Lineup. 


(b) Each signal team should have two red and white flags (1.2 meters iong, 


[White ~ 


l meter wide) pe P spread out at both ends of the lineup, while 
Red 


personnel in-between should each have a l-square meter white flag. in 
order that the team members will line up orderly and move forward at an 
equal distance, signs should be placed ahead of time in accordance with 
the operating width of the airplane. As an alternative, one signalman 
should be posted at each end ot the lineup, and every time that a spray- 
ing run is made, they should measure off with a long rope (its length 
equal to the spraying width of the plane) the distance which the team 
leader and deputy team leader should cover after the spraying. After the 
plane has made its run. the other team members should quickly move forward 
and keep abreast with ‘.e two team leaders and wait for the next spraying 
run to begin. 





(c) Generally, the signai team should Line up in orderly tashion follow- 


ing the direction of the lone side of the ptece of land, but this should 
be at right angles to the wi dj tion or form an angele of over 0 
with the cross wind. The pi u le win its spraying run trom down 
wind and fly over the signalmen on the leeward side or laterai leeward 
side. <Aiter the run i = ; .e signal team shouid wove toward th 
wind. Every time, the soOVance (4 Cas the working width) 
should be cO meters wh " rpian i engageG justin 

and 60 meters when the plan gaged in spraying. 

(d nen aerial sprayin; , member »f the signal te. 
Shouid nold their flags a irderiv fashion, facing downwind 
Ihe flags should be he! uD! ' nd mu not be waved at andom or held 


Sideways. The team membe! eady and wait for the plane to 
pray the chemical. They mus ‘ver make the plane wait for ther 











(e) When chemical spraying is conducted for the first time in a new area, 
the leader and deputy leader of the team should simultaneously signal with 
fire and thick smoke in order to make it easy for the pilot of the plane to 
look for the spraying area. when spraying is completed for the area, all 
members of the team should raise their flags and wave them from side to 
side several times to let the pilot «now that the area has been sprayed 
completely. 


(4) The airfield should be furnished with a chemical refilling crew. 
Usually, each An-2 model airplane is furaished with about 15 men for 
refilling it with chemicals. For this kind of work, personnel who are 
politically reliable, healthy and strong, and well-disciplined should be 
selected. in order to shorcen the time of refilling, tne dust should be 
sitted beforehand and then divided up into small bags (each containing 
about 20 kilograms), of which 50 are needed per plane/time when dusting 
or the undiluted spray should be prepared ahead of time and the intake 
opening of the water hose should be provided with a wire mesh fil.er to 
insure the cleanliness of the water when spraying. 


(9) Working personnel at the airfield should strictly observe regula- 
tions governing airfield management and work discipline and give heed to 
safety at all times so as not to cause injury to a humar body or damage 
to an airplane. After the plane has started its engine on the runway, 
all airfield personnel must remain at a distance at least 30 meters from 
the runway. Likewise, all flying personnel must observe iiying regula- 
tions so as to avoid accidents. 


stallation and Use of Black Light Lamps To Lure Insects 
1. Black Light Lamp Equipment 


Principally, the equipment consists of a black light tube and accessories, 
1 rainproof cover, insect guard plates, an insect collector and a support 
for the lamp. 


Black light tube: On the outside it looks exactly the same as an ordi- 
nary fluorescent tube for lighting purposes. Only the fluorescent sub- 
stance with which the tube is coated on the inside is different. 


Accessories of the black light tube: They include a rectifier, a relay 
and a switch. The specifications of these accessories should correspond 
with those of the black light tube. 


Rainproof cover: The cover is installed over the top end of the black 
light tube to protect it and other accessories as well as to prevent 
leakage of electricity. The cover is made ci a thin metal plate. Also, 
acap made of bamboo or a covering built of reed grass, rice straw or 
wheat stubble may be used. 
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Lamp stand: The stand is a tripod made either of wood or metal and is 
used to secure the various pieces of equipment comprising a black light 
lamp. 


Il. Imstallation of Black Light Lamps 


Methods of Installation: .enerally, the methods of insiallation are as 
shown in Figures 9-2 and 9-3. The distance between the two wooden posts 
should be in excess of 1.2 meters so as to reduce any effect from the 
rays of light emitting from the black light lamp. Also, one single 
wooden post may be used or an electric-light pole on the edge of the 
field may be brought into play. If a water basin is being used as a 
collector, then the lower end of the light tube should be 5 to 10 centi- 
meters above the surface of the water; if it is a funnel with a collector 
(or a double-layer insect cage) attached, then the lower end of the lieht 
tube shoulc be inserted into the funnel to a point 5 to 10 centimeters 
from the top of the funnel. 





























Figure 9-2. Installation of Black Light Lamp (With Water Basin as Insect 
Collector) 


Key : 
l. Electrical fittings box 4. Black light tube 
2. Rainproof cover 5. Water basin 
3. Insect guard plate 6. Wooden tripod 


When installing a black light lamp, consideration should be given to three 
general principles: safety, economy and simplicity. At the same t.e, 
keep in mind that the voltage of the source of electricity should be the 
same as that required by the black light lamp, otherwise it may cause 
damage to the light tube. 
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necessary to insure safety by fixing well the electric line and electric- 
light poles in order to avoid anyone touching a hot wire. 


[It. Use and Management of Black Light Lamps 


In the utilization of black light lamps, it is necessary to determine 
the time of switching them on in accordance with the crop planted and 
the nighttime activities and habits of the insect pests to be trapped 
and killed. To determine the beginning sad ending dates for use of 
black light lamps, it is necessary to conduct tests and observations 
and then make concrete decisions. On windy or rainy nights, it may not 
be necessary to switch on black light lamps at all, inasmuch as insect 
activity is reduced to a minimus. 


When using black light lamps, it is necessary to strenrthen management 
guard against light tubes burning out or severe infestations by insects 
to crop plants under a lamp. Continuously enhance the results of trap- 
ping and killing insects in the field and set up a special stafi to 
manage the lamps. During the peak number of moths, it is necessary to 
scoop them out of the collectors three or four times a night and apply 
pesticides to crop plants in the areas surrounding the lamps to kill the 
insects or prevent them from escaping from the collectors. Insects 
trapped and killed by the black light lamps may be classified and 
recorded so as to further graso the magnitude of occurrence as well as 
the law of activity of the insect pests. 











CHAPTER 10: VECITASLE CULTIVATION 
Distinctive Characteristics of Superior Varieties of Major Vegetables 
l. Radish 


Meinong Zaosheng [501° 3426 2483 3932): Long and cylindrical; root 
epidermis, white; flesh also white; maxigum weight to 16-17 catties; 
high water content; flesh is fine and tender and slightly crisp; best 
when eaten cooked, but may also be eaten raw. In Beijing, they easily 
develop black heart disease. In Xian and Wuhan, they are somewhat 
resistant to downy mildew and soft rot. They are fairly strong heat- 
resistant. Medium-maturing type; growth period, 60-90 days. 


Beijing Xinlimei [0554 0079 1800 6849 5019]: Short and cylindrical; 
weight, 1.4-2 catties; outer skin is green on top and white below; flesh 
is bright red and crisp with a sweet taste. Can be eaten raw; resistant 
in storage. Highly resietant to virus diseases. Late-maturing type; 
growth period, about 90 days. 


Beijing Dahongpao [0554 0079 1129 4767 5916]: Elliptical or spherical 
in ssape; outer skin, red; flesh, white and fine to dense. Should be 
eaten cooked. Fairlw high resistance to virus diseases; resistant dur- 


ing storage; growth period, ©9-90 days. 

Beijing Lupafen [0554 0079 i» US00 0453): Long and cylindrical; flesh 
jomewhat coarse with a dense ructure. Can be salted or eaten raw. 
Moderate degree of disease-! tance. Resistant during storage. Growth 
;?* rie Gs 80-100 days. -. , 

Shijiazhuang Bailuobo [4258 1467 5445 ¢101 5700 5597]: Cylindrical: 

skin and flesh both white; medium to high quality; suitable for eating 
raw or cooked. Fairly strong heat~-resistance and fairly strong 
resistance to virus diseases. ye perlod, 70-100 days. High yield. 


Jiaozhou Qingtow Luobo (52)! 1558 7230 7333 5700 5597]: Long and 
cylindrica.; maximum weigot, 15 catctles; flesh, light green and dense 
with a large amount o1 juice and a sweet taste; may be eaten raw, cooked 








or salted. High resistance to virus diseases. Growth period, 100 days. 
High vield. 


Weigqing [5898 7230]: Cylindrical and slightly curved; flesh, light green 
and dense; large amount of juice; comparatively strong bitter taste; 
crisp; resistant during storage; excellent fruit radish. Growth period, 
90 days. 


Zhedachang [318] 1129 7022]: Long and cylindrical; maximum weight, 20 
catties; skin and flesh, white; flesh, crisp; medium water content; 

sweet taste; can be eaten raw, cooked or processed by salting and drying. 
Very high resistance to virus diseases. Growth period, 70-80 days. High 
yield. 


Taihu Changbai Luobo [1132 3275 7022 4101 5700 5597]: Long and cylindri- 
cal with a slender neck at the top; 3-4 centimeters in length and 4 centi- 
meters in diameter. Strong resistance both to drought and cold. Growth 
period, 70-120 days; early-maturing and late-maturing types. 


Xiangya Bai [6272 3660 4101): Long and cylindrical; flesh, fine, crisp 
and delicate; large amount of sap with a weak taste; most suitable for 
pickling or cooking. Growth period, 90-120 days. 


lt. Celery Cabbage [Brassica chinensis Linn. ] 


Dacuocai No 1 [1129 8926 5475]: Leaves bulbous forming a short cylinder; 
heart half enclosed; pale green; medium quality; bulb forming rate, 97 
percent. Strong resistance to virus diseases and soft rot. High yield; 
resistant during storage. 


Qingmaye Xiaohe Taowen [7230 7302 5509 1420 2702 2711 4773]: The plant 
is comparatively small with bulbous, cylindrical leaves; early bulb 
formation; few fibers; thin petioles; low water content; flesh soft and 
delicate; excellent quality. Comparatively strong resistance to soft rot 
and downy mildev; comparatively strong resistance to alkali; resistant 
during storage. Growth pertod, 80 days. 


Qingmaye Dahe Taowen [7230 7802 5509 1129 2702 2711 4773]: The plant ina 
tall and large; cark green; leaves are bulbous and loug and slender in a 
cylindricai shape; low water content; flesh soft and pliable; excellent 
quality; strong growth. Comparatively streag resistance to soft rot and 
alkaiine conditions. Resistant during storage. Growth period about 95 
days. High yield. 


Jiaozhou Dabaicai [5231 1556 1129 4101 5475]: Leaves, pale green; 
covered bulb with nearly a short cylindrical shape; fine fibers; easy to 
cook; tasty; but cannot endure song periods of storage. Easily infected 
by soft rot. Growth period, 90-95 days. 
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winter seasons. Medium-maturing variety; can be harvested 70-80 days 
after setting. Heat-resistant; high resistance to dry rot. 


Lanzhou Daauegiu [5695 1558 1129 7185 3808): Plant tall; flower head 
round with flat top. Late-maturing; c.id-resistant; drought-resistant; 
comparatively high resistance to alke.+2 > zy. Flower-buibs snow-white in 
color, flesh dense and brittle; faintly sweet taste; superior quality. 


V. Capsicum [Capsicum fructescens Linn. ! 


Xianlazi [4848 6584 1311]: Fruit slender and shaped like sheep horn; 
extremely pungent taste; prepared especially for drying. High adaptabil- 
ity; drought-resistant. Late-maturing variety; growth period, 170 days. 


Leping Zhongzili [2867 1627 0022 1311 4721]: Luxuriant growth; fruit 
short and shaped like cow horns, bright red; many seeds; taste, sweet or 
pungent. high yield; resistant to anthracnose and borers. Mediua- 
maturing variety; growth period, 180-200 days. Can be eaten fresn, 
salted, dried cr pickled. 


Shaoyang Jaotianjiao [6730 7122 2600 1131 2786]: Plant tall; fruit long 
and slender with a cylindrical shape. Grows facing the sun. Skin of 
fruit thin; many seeds; color, red; pungent taste. Resistant to dryness 
and drought; affected by few disease-carrving insects. Late-maturing 
variety; growth period, 122 days. 


Chengdu Erjintiao [2052 6757 0059 6855 2742]: Sturdy growth; many off- 
shoots; fruit small; strong pungent taste. Dried for the most part, 
but can be eaten fresh. Growth period, 280-320 days. 


Shijie Tianjiao {0013 3954 3929 2786]: Plant stands upright; sturdy 
growth; fruit heart-shaped; fruit dark green in color; taste not pungent; 
flesh very thick. Comparatively strong resistance to virus diseases. 
Growth period, 115-120 days. 


Houpi Lajiao (Da Tianjiao) [0624 4122 6584 2786 (1129 3929 2786)]: 
Plants tall; fruit long and conical; blackish-green in color; flesh 
thick; sweet taste; endures storage and transportation. Late-maturing 
variety; growth period, 120 days. 


Da Shizi Jiao [1129 2636 1311 2786]: Fruit large and flatly circular; 
largest up to 250 grams. Flesh of fruit thick; sweet taste; 3-4 vertical 
grooves on surface of fruit. Three to 4 projections at apex of fruit. 
Late-maturing; high yield. 


Lanzhou Dayuan Lajiao [5695 1558 1129 0955 6584 2786]: Plant is tall; 
large fruit; flatly rounded in the shape of a Chinese: lamp saucer; 
largest to 250-344 grams; fruits hang down; flesh of fruit thick; taste 
sweet and not pungent; super! r quality; should be eaten fried. Disease- 
resistant; endures storage. Late-maturing; high yield. 
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Da Zili [1129 1311 4721}: Plants tall; late fruiting; fruit resembles 
that of the sweet pepper; shaped like cow's horns; bright red; many 
seeds; particularly superior quality; taste sweet and crisp like that 
of the sweet pepper. Growth period, about 200 days. 


Jaotung Da_ajiao [2507 6639 1129 6584 2786]: Plants tall; fruit conical; 
flesh thick and crisp with large amount of sap; sweet taste. Compara- 
tively resistant to drought; moderate degree of adaptability. Late- 
maturing variety. 





Vi. Eggplant 


Beijing Jiuyegie {0554 0079 0046 5509 5401]: Fruits in the form of a 
somewhat fiattened sphere; flesh delicate and dense. Suited for frying 
and drying. High disease resistance but fairly poor in withstanding 
heavy rain. Comparatively sturdy growth. Late-maturing. 


Lanzhou Dayuan Qiezi {5695 1558 1129 0955 5401 1311]: Plants tall and 
sturdy; fruits comparatively large and close to spherical; good taste. 
Medium-maturing variety. High yield. 


Caijiapo Deyuangie [5591 1367 0980 1129 0955 5401): Plants tall; fruits 
large and close to spherical. Flesh of fruit soft; many seeds; medium 
quality. Fairly disease-resistant. Late-maturing. 


Liutiaoqing [2692 2742 7320): Plants tall and stand erect; s.urdy 
growth; fruits in shape of sheep horns. Growth period, 108 days; high 
yield. 


Beijing Xiangie [0554 0079 4848 5401]: Fruits are long and slightly 
curved; skin of fruit deep purple or blackish-purple; flesh soft and 
delicate; many seeds; suited for steaming or boiling. Resistant to 
brown streak disease; resistant to drought; resistant to heavy rain; 
sturdy growth; excellent fryit formation in latter period. Early- 
maturing. 


Liaoning Tushun Zaoqgle [669/ 3942 2329 7/311 2483 5401]: Early-maturing 
short variety; spreads horizontally; sturdy; no spines. Fruit long and 
egg-shaped; blackish-purple; superior quality. Comparatively strong 
resistance to disease. Over ¥0 davs from seeding to harvest. 


Chongqing Denglongpao [0850 198/ 3597 4/705 3133): Plant develops and 
zrows steacilyv; fruit shaped like electric light bulb; blackish-purple; 
many seeds. Resistant to damping-otf; early-maturing. 


VIL. Tomatoes 


Molei No 3; [2302 7191]: Early-maturing; self-sealing apex; plant small; 
comparatively weak growth; fruit comparatively small; flesh thick; large 








amount of -uice; slightly sour taste; medium degree ot flavor. Skin of 
fruit somewhat thick; endures storage and transportation. Suited to 
open field, early-maturing cultivation. 


Hongwa Lunte [4767 3907 0243 3676]: Stems grow diffusely; fruit round 
and fire-red; surface of fruit smooth; skin of fruit comparatively thick; 
does not split easily; endures storage and transportation; navel small; 
flesh thick; large amount of juice; taste midway between sweet and sour. 
Early- to medium-maturing. 


Fenhong Tianrou [4788 4767 3939 5131]: Apex not self-sealing; moderately 
sturdy growth. Surface of fruit has annular cracks during rainy season. 
Large amount of juice; good flavor. Can be eaten raw or cooked. Mediunm- 
to 'ate-maturing. 


Pingguoging [5393 2654 7230]: Sturdy growth; spherical fruit; skin ot 
fruit thick; does not split easily; withstands transportation; large 
amount of juice; intermediate between sweet and sour; taste somewnat 
bland. Radial cracks during rainy season. Late-maturing. 


Jiehuang Jiachen [2720 7806 0857 6591]: Sturdy growth; fruit orange- 
colored, spherical and large; skin of fruit comparatively thick; little 
splitting; withstands storage and transportation. Flesh thick; taste 
somewhat bland; fairly good flavor; preferably eaten as fruit. Late- 
maturing. 


Zaoqiaozuan [2483 7158 7018]: Early-maturing; self-sealing apex; plant 
is small; growth moderately sturdy; fruits red; flattened spherical to 
spherical shape; large amount of juice; moderate to good flavor. 


Aihongjin [4253 4767 6855]: Early-maturing; self-sealing apex; plant 
is small; moderately sturdy growth; fruit comparatively small. Suited 
to open early-maturing cultivation and sunny furrow early-maturing 
cultivation. 


VIII. Cucumbers [Cucumis sativus Linn. j 


Beijing Dacigua [0554 C079 1129 0459 3900]: Plants are tall; cucumbers 
are club-shaped; large projections with spines; flesh of cucumber thick; 
little pulp; flesh crisp; fragrant taste; superior quality; may be 
eaten cooked or raw. High yield. Easily infected by downy mildew. 
Fairly early-maturing. Growth period, 100 days. 


Ningyang Da Cigua [1380 7122 1129 0459 3900]: Plant is sturdy; cucumbers 
are long and club-shaped; cucumber skin dark green with white sharp hairs; 
flesh thick; little pulp; flesh dense; excellent quality; can be eaten 
cooked or raw. Strong resistance to downy mildew. Medium-maturing; 

can be planted in spring or summer; high yield. 
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Dalian Qiu Huanggua [1129 6647 4428 7806 3900]: Sturdy growth; tough 
stalk; cucumber cylindrical in shape; angular and somewhat curved; large 
projecting bulges. Comparatively strong resistance to downy mildew; 
late-maturing variety. 


Jiangjin Padi Huanggua [3068 3160 3632 0966 7806 3900]: Plant is sturdy 
and cylindrical in shape; skin of cucumber is green with yellow spots and 
white spines; sweet, slightly bland taste. Comparatively strong resistance 
to downy mildew. Medium-maturing variety. 


IX. Winter Melon [Benincasa hispida Cogn. ] 


Yichuanling [0001 0025 6875]: Plant grows fairly sturdily; leaf blades 
palmate; dark green with white hairs; gourd small with short cylindrical 
shape; skin of gourd bluish-green with white marks. Flesh white; few 
fibers; high water content; medium to high quality. Early-maturing; 
comparatively resistant to cold; growth period, about 100 days. 


Shibing Donggua [2636 9479 0392 3900]: Plant grows fairly sturdily; leaf 
blades palmate and heptagonal; dark green; white hairs on back side. 
Gourds intermediate in size between large and small and with a flattened 
spherical shape. Skin of gourd green with a powdery white layer and a 
small number of hairs on the surface. Flesh of gourd is white; few 
fibers; excellent quality. Medium-maturing; not resistant to cold; 
easily infected by soft rot. Lasts comparatively well during storage. 
Growth period, 110-120 days. 


Qingpi Donggua [7230 4122 0392 3900]: Plant grows sturdily; leaf blades 
large; dark green. Gourd long and cylindrical with the base in the shape 
of a flattened sphere; tip of apex somewhat pointed and rounded like an 
artillery shell. Skin of gourd green interspersed with light green 
stellate spots; surface without white powdery appearance but waxy with 
white hairs. Flesh of gourd white; excellent quality. Late-maturing; 
not resistant to cold. Growth period about 130 days. 


Di Donggua [0966 0392 3900}: Plant grows fairly sturdily; leaf blades 
present e@ palmate, heptagonal shape a! are green. Gourds have an 
irregular cylindrical shape, with the apex being slightly rough. Skin 
of gourd is green with a white powdery appearance on the surface. Flesh 
is white; few fibers; sweet taste; comparatively good quality. Late- 
maturing; withstands storage and transportation. Growth period, about 
140 days. 


X. Chinese Pumpkin [Cucurbita moschata Duch. } 


Xiao Mopan (1420 4333 4149}: Plant grows in a creeping pattern, with 
stems running about 2 meters. Leaf blades are palmate and pentagonal 
with shallow cracks. Top surface, dark green with white spots in the 
area of the seams of the leaf veins. Gourds are comparatively small 
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with a flattened spherical shape resembling a millstone. Flesh of gourd 
is thick; sweet taste; little water content; good quality. Early- 
maturing; comparatively resistant to heat. Growth period, 120 days. 


Da Mopan [1129 4333 4149]: Plant grows sturdily, with stems creeping to 
a length of about 3 meters. Leaf blades are palmate and pentagonal or 
heptagonal with shallow cracks; leaf surfaces dark green; white spots at 
points of intersection of leaf veins. Gourds resemble small millstones, 
although some are comparatively large. Flesh of gourds is orange- 
colored; little water content; sweet taste; good quality. Medium- to 
late-maturing; comparatively good resistance to heat; somewhat resistant 
to drought; not resistant to heavy rains. Growth period, 130 days. 


XI. Green Beans [Phasedus vulgaris Linn. } 


Xiqiao Fanbaiyan [0823 7717 5064 4101 4190}: Young pods are pale yellow 
without fibers; excellent cooked. Strong resistance to virus diseases, 
leaf scorch and anthracnose. Late-maturing; growth period, 120 days. 


Da Mazhang [1129 7456 2222]: Pods are green and shaped like a bent bow. 
Young pods have no fibers, thick flesh and do not age readily. Excellent 
eaten boiled. Strong resistance to virus diseases and anthracnose. 
Late-maturing; growth period, 120 days. 


Siji Dou [0943 1323 6258]: Few fibers; medium-grade quality. Strong 
resistance to disease. Medium-maturing. 


Mansheng Siji Dou [5585 3932 0943 1323 6258]: Pods are cylindrical and 
slightly curved or straight. Flesh of beans is thick; few fibers; 
excellent quality. Early-maturing; growth period, 100 days. High yield. 


Gaojiaqing [7559 5453 7230]: Pods soft and shaped like bent bows; flesh 
thick; do not age and ripen readily; excellent quality. Growth period, 
110-120 days. Comparatively high yield; many pods formed. 


XII. Spinach 


Dongbocai [0408 5474 5475]: Sturdy growth; leaves dark green; leaf 
blades large; flesh thick; seeds with spines and ridges; roots red or 
light red; good quality. Comparatively strong resistance to downy 
mildew, virus diseases and leaf flies; very strong resistance to cold. 


Da Yuanye [1129 0955 5509]: Spring planting variety. Plants are tall; 
leaves are fat and large with a dark green color; seeds are somewhat 
flattened spheres without spines; soft and sweet. Sprouting slow when 
planted in spring. Does not withstand storage over winter. Weak 
resistance to downy mildew. 
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Yuanzi Daye [0955 5086 1129 5509]: Plants are large; leaf flesh is thick; 
seeds round without spines; rapid budding and growth. Resistant to heat; 
suited to summer and autumn early planting. Sprouting is slow in spring. 


Chengdu Da Yuanye [2052 6757 1129 0955 5509]: Plants are comparatively 
tall with large leaf blades; leaves are thick; seeds have some protruding 
spines. Late-maturing; comparatively resistant to heat; can be grown 
during all four seasons; winter planting and spring harvesting is best. 


XIII. Chinese Chives [Allium tuberosum Rottler] 


Malin Jiu [7456 5677 7296]: Leaves broad with thick flesh; slightly 
Siow growth and tillering rates but very sturdy. Withstands storage 
and transportation; good flavor. 


Tianjin Da Huangmiao Jiucai [1131 3160 1129 7806 5379 7296 5475]: Leaves 
comparatively broad with a soft quality; strong tillering capacity; 
strong regenerating capacity. Comparatively high water content in leaf 
regions; decompose easily. High yield. 


Loyang Goutou Jiu [3157 7122 6869 7333 7296]: Leaves thick; excellent 
quality. Comparatively strong resistance to lodging but comparatively 
poor tillering characteristics. 


Mabian Jiu [7456 7267 7296]: Leaf blades broad and flat; leaf flesh 
thick; stands erect. Resistant to intense heat, but not too resistant 
to cold. Good quality for green chive cultivation; blanching culture 
can also be used in summer. 


XIV. Spring Onion [Allium fistulosum Linn. ] 


Gaiping Dacong [5556 1627 1129 5523]: Plants are tall; hearts are long. 
Leaves dark green; slender and long, standing erect; does not tiller. 
Pungent taste, but not intense; good quality. 


Gongzhuling Dacong [0361 0031 1545 1129 5523]: Plants are tall and grow 
sturdily; onion hearts are long. Leaves dark green; good quality; 
peppery taste; suitable for winter storage. 


Jitui Cong [7741 5217 5523): Base fat, with upper region gradually 
growing slender and slightly curved; excellent quality; best eaten 
cooked; withstands storage. Growth period, 380-390 days. 


Da Wutong [1129 2745 2717}: Plants are tall; onion hearts are long; do 
not tiller; substance soft with sweet taste; can be eaten both raw and 

cooked; withstands storage comparatively well. Growth period, 380-390 

days. 
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Zhujie Conz [4554 4634 5523}: Leaves short, coarse and thick; onion 
heart long; not readily susceptible to lodging; good quality; good eaten 
fried. Sturdy growth; resistant to cold; leaves remain erect without 
lodging even after several frosts. High yield. 


XV. Garlic 


Ningan Dasuan [1380 1344 1129 5537]: Plant grows sturdily; leaves are 
dark green; garlic knob is large; skin is a light purplish-red; excelient 
quality and withstands storage. Medium- to early-maturing variety; 
sprouting comparatively slow. 


Kaiyuan Dasuan {7030 0626 1129 5537]: Skin of garlic knobs purplish-red; 
strong bitter taste; excellent quality; withstands storage. Early- 
maturing. 


Jinan Baipi Suan [3444 0589 4101 4122 5537]: Garlic knob large: skin 
white; sturdy growth; can be eaten raw or pickled; withstands sc.crage. 
Late-maturing variety; total growth period, 250 days; high shooting rate. 


Zipi Dasuan [4793 4122 1129 5537]: Leaf blades thick and slightly hard; 
green; garlic knobs large; outer skin purple; strong aroma; superior 
quality. Slow shooting. 


Selection and Propagation of Vegetable Seeds 


Table 1. Required Temperatures and Number of Days in Germination Tests 
on Vegetable Seeds 











Optimum Number of - deter- 
mine 
Kind of vegetable aeenun Germinat ing ie ot 
(°C) viability | germination 
(days) (days) 
Celery cabbage, radishes, cabbages 20-25 2-3 6 
Beans 20-25 3 7 
Cucurbit vegetables 25-30 3 7 
Tomatoes 25-30 6 12 
Eggplant, capsicum 25-30 7-10 14-21 
Celery, parsley, chrysanthemum 
coronarium 20-25 7-10 14-21 
Scallions, Chinese chives 20-25 5 10 
Spinach 15-20 7 14 
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Table 2. 
of Vegetable Seeds 


Per Mu Seed Rate, Multiples of Propagation and Seasonable Use 








Quantity of seed | Propa- Seed Period 
Kind of vegetable sown per mu gation life of use 
(market catties) | multiple | (years) | (years) 
Spring cabbage *0.05-0.1 2000 3-4 1-2 
Summer and autumn cabbage *0.1-0.2 2000 3-4 1-2 
Celery cabbage 0.3-0.4 500 3-4 1-2 
Large radish 0.7-1.2 100 3-4 1-2 
Four-season radish 2<3 40 3-4 1-3 
Leaf mustard 0.5-0.8 150 3-4 1-2 
Spring cucumber 0.3-0.4 50 3-4 1-3 
Spring and autumn cucumber 0.4-0.5 50 3-4 1-3 
Squash, pumpkin [Cucurbita 
moschata Duch. } 0.5-1 100 3-5 1-3 
Aquatic gress |Zizania 
latifolia] 0.5-1 100 3-5 1-3 
Tomatoes *0.05-0.06 200 3-4 1-3 
Eggplant *0.1-0.2 200 3-4 1-3 
Capsicum *0.1-0.2 100 3-4 1-3 
Green beans 10-12 10 2-3 1-2 
Carrots 1-2 60 3-4 1-3 
Celery *0.5-1 100 4-5 1-3 
Parsley 4-4.5 50 4-5 1-3 
Spinach 7-10 25 3-4 1-2 
Chrysanthemum coronarium 4-5 20 2-3 1-2 
Lettuce *0.1-0.15 1000 3-4 1-3 
Onion 0.4-0.5 50 1-2 l 
Scallions 2-3 15 1-2 l 
Chinese chives 2-5 25 1-2 l 

















Note: 
transplantation. 
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Asterisk indicates quantity of seeds used per m in cases of 












































Table 3. i,000-Kernel Weight of Vegetable Seeds 
Crop 1,000-kernel Crop 1,000-kernel 
weight weight 
Cabbage 3.5-4.5 Eggplant 4.0-7.0 
Celery cabbage 3.2-4.0 Capsicum 4.5-7.5 
Large radish 0.0-15.0 Green beans 300 .0-400.0 
Four-season radish 8.0-11.0 Peas 150.0-400.0 
Leaf mustard 1.8-2.0 Chrysanthemum 
Soybean 150.0-350.0 coronarium 1.8-2.0 
Carrots 1.0-1.5 Lettuce 1.1-1.5 
Celery 0.4-0.5 Onions 3.0-4.0 
Parsley 5.0-5.5 Spring orions 2.5-3.6 
Fennel 1.4-2.6 Chinese chives 4.0-4.5 
Cucumber 20.0-30.0 Spinach | 8.0-i..0 
Squash, pumpkin 140 .0-350.0 Winter me_on 30.0-42.0 
Tomatoes 2.5-4.0 
Table 4. Isolation Requirements of Different Kinds of Vegetable Seeds 
During Period of Propagation 
Suitable seed Required isolaticn type Isolation 
Variety selection Stock seed Superior seed distance 
method propagation propagation (meters) 
Celery Seed selection Various types of |Turnip, turnip 1000-2000 
cabbage from mature plant | Cruciferae cabbaze, reot 
leaf twstard, 
mustard greens, 
rape, piaocercai 
[3903 0348 5475), 
wutacai [3527 
1042 5475] 
Fall Seed selection Various types of | Various types of | 1000-2000 
radish from mature plant | radishes and radishes 
Cruciferae, such 
as celery cab- 
bage, cabbage, 
leaf mustard, etc. 
Four- Spring-sown mature! Various types of | Various types of | 1000-2000 
season plant transplant radishes and fall radishes 
radish method; fall-sown | Cruciferae and leaf mustard 
mature plant 
selection method 
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Table 4 (Continued) 















































Suitable seed Reguired isolation type Isolation 
Variety selection Stock seed Superior seed distance 
method propagation propagation (meters) 
Cabbage /| Spring-sown old Cruciferae Kohlrabi, 1000-2000 
root and fall- cauliflower, 
sown old root seed Chinese kale 
selection 
Cauli- Seed selection Various types of | Various types of | 1000-2000 
flower from mature plant | Cruciferae cauliflower ani 
cabbage, 
kohlrabi, 
Chinese kale and 
Brussel sprouts 
Kohlrabi | Seed selection Cruciferae Various types of | 1000-2000 
from mature fall kohlrabi and 
kohlrabi plants cauliflower, 
Chinese kale, 
Brussel sprouts, 
etc. 
Rape Seed selection Piaoercai, Same as for 1000-2000 
fall-sown old celery cabbage, stock seed 
roots wutacai, you- propagation 
caitai [3111 
5475 5377), leaf 
mustard, turnip 
Tomatoes | Seed selection at | Between species | Between species 300-500 
production site 
the same year 
Eggplant | Seed selection at | Between species | Between species 300-500 
production site 
the same year 
Capsicum | Seed selection at | Between species ( Between species 300-500 
production site and varieties and varieties 
the same year 
Cucumber , Seed selection at | Between species | Between species 500-1000 
production site and pickling 
the same year melon 
Onion Seed selection Between species | Between species | 1000-2000 





from mature plants | 























Table 4 (Continued) 


























Suitable seed Required isolation type | Isolation 
Variety selection Stock seed Superior seed distance 
method propagation propagation (meters) 
Chinese | Seed selection at | Between species | Between species | 1000-2000 
chives production site 
third year after 
sowing 
Celery Seed selection Between species, | Between species, | 1000-2(90 
from old roots carrots carrots 
Lettuce | Seed selection Head lettuce and | Head lettuce and | 500-1000 
from old plants, varieties of it | varieties of it 
seed selection 
from wir* ~ own 
sprou.. 
Spinach | Seed selection Between species | Between species /| 1000-2000 
from fall-sown 
old roots; seed 
selection from 
buried heads 
Green Spring selection Between species | Between species 50-101, 
beans at production 
site 

















Vegetable Cultivation System 
I. Multiple Planting Rotation 


In order to utilize the fertility of the earth fully and rationally, in 
order to prevent insect diseases and the growth of weeds, in order to 
raise production volume and in order to improve quality, such vegetables 
as celery cabbage, root vegetables, onions, eggplant, cucurbits and 
potatoes should be planted in different areas in rotation from year to 
year. In carrying out the rotation of vegetable crops, the following 
points should be kept in mind. 


(1) Similar types of vegetables with highly similar nutritional require- 
aents and subject to the same types of insect diseases should be concen- 
trated and planted within a single area in the course of crop rotation. 


(2) One should avoid sequential planting of similar types of vegetables 
and vegetables of the same family such as radishes and turnips among the 
root vegetables as well as cabbeges that are affected by the same types 
of insect pests. 


673 

















(3) Green leaf vegetables have a short growing period. They should be 
cultivated in coordination during the course of rotation of other crops 
and not subjected merel. ‘o a singie crop rotation. Perennial vege- 
tables and aquatic vegetables cannot be subjected to crop rotation. 


(4) The sequence of rotation of various types of vegetables should be 
arranged on the basis of their utilization of the nutrients in the soil. 
Leaf vegetables that consume comparatively large amounts of nitrogenous 
fertilizer, rhizomes that consume comperatively large amounts of 
potassium fertilizer and yellow vegetables that consume comparatively 
large amounts of phosphorous fertilizer should be cultivated in rotation. 
Deep-rooted rhizomes, eggplant, beans and cucurbit crops (except for 
cucumbers) should be cultivated in rotation with shallow-rooted celery 
cabbage, onions and garlic varieties and leaf vegetables. 


(5) The crop rotation systems for open cultivation and protected culti- 
vation should be determined separately. However, land use should be 
arrenged in a standardized manner and rotation should be carried out at 
appropriate times. 


ll. Interplanting and Intercropping 

Two or three types of vegetables can be produced in the same plot either 
at the same or at alternate times on the basis of the height, leaf 
density, root system depth, length of growing period and fertilizer 
requirements of the plants. 

Ill. Spread-out Planting Time 

Planting can be planned so that some of the vegetables are planted early, 
some planted late and some planted at an intermediate time in order to 
facilitate balanced supply and coordination of varieties. 

IV. One Planting and Several Harvests 


Vegetables can be planted once and harvested several times on the basis 
of their regenerative capacity and their production characteristics. 


(1) Utilizing tiller regeneration: onions, Chinese chives. 


(2) Utilizing axial bud regeneration: cabbage, cauliflower, celery 
cabbage root, capsicum. 


(3) Utilizing branch regeneration: green beans, chrysanthemum 
coronarium, fennel, water spinach |Ipomoea reptans (L.) Poir.]. 


(4) Utilizing terminal bud regeneration: sugar beets of which leaves 
are used, celery, rape, garlic sprouts. 
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Open-Air [Outdoor] Vegetable Cultivation 
1. Seedlings 


l. Treatment of Seeds: 


By treating seeds before sowing, it is possible 


to promote germination, prevent damage due to insect pests and provide 


growth and development. 


Immersion of seeds: 


(1) 


exceed 15 centimeters in thickness in order to facilitate aeration. 


At the time of immersion, the seeds should not 


The 


water should be changed once every 10 to 12 hours in order to prevent 


the seeds from spoiling. 
for different types of vegetables. 


(a) General Seed Immersion Periods and Temperatures 


Duration and temperature of immersion differ 





Type of vegetable 


Period of immersion 





(hours) 
Cruciferous vegetables and cucurbits 5-12 
Vegetables of the families Compositae and Solanaceae 25-40 
Vegetables of the families Umbelliferae and Liliaceae 50-60 





Type of vegetable 


Seed immersion water 



































_temperature (°C) _ 
Vegetables favoring high temperatures 16-25 
Vegetables favoring cool conditions 6-25 
(b) High-Temperature Seed Immersion 
Water 

Type of Period 

vegetable ——— (minutes) Renarks 
Eggplant, capsicum 55-56 10-15 Stir during immersion 
Tomato 50-52 10-15 Stir during immersion 
Cucumber 50-52 10-15 Stir during immersion 
(2) Bud forcing: The bud forcing method is commonly used in carrying out 


early-maturing cultivation in spring. Budding is accelerated by placing 
seeds that have absorbed water and have become swollen under temperature 
conditions which are conducive to budding. During the course of bud 
forcing, the seeds should be flushed with warm water every day in order 
to prevent them from spoiling. Seeds that have been subjected to bud 
forcing must be handled with creat care during sowing in order to avoid 
breaking the rootlets. 
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Periods and Temperatures Required for Bud Forcing 









































Bud forcing Bud forcing 
Type of vegetable temperature period 
(°C) (hours) 
Beans and cucumbers 20-25 40-60 
Vegetables of the family Solanaceae, lettuce 
and squash 20-25 60-80 
Vegetables of the families Umbelliferae and 
Liliaceae 20-25 70-80 
(3) Seed disinfection: 
(a) Periods and Temperatures of Hot Water Treatment of Vegetable Seeds 
Treatment Treatment 
Type of 4 
vegetable period temperature Diseases prevente 
(minutes) (c) 
Cabbage 25 50 Black rot, blight 
Cauliflower 15 50 Black rot, blight 
Tomato 25 50 Bacterial crown gall 
Eggplant 30 50 Bacterial wilt 
Onion 25 50 Blight, downy mildew 
Radish 15 50 Blight, black rot 
Fresh stalks 12 48 Nematode disease of stalk 
(b) Formalin Treatment of Vegetable Seeds 
type of || Concentration | Treatment vinal 
yP ane of drug period . “e . Diseases prevented 
ree + solution (minutes) vaereen 
Potato 1:240 90 Wash and dry | Scab disease 
Beans 1:50 5-10 Wash and dry | Anthracnose 
Radish 1:50 5-10 Wash and dry | Bacterial diseases 
Eggplant | 1: 300 15 Wash and dry | Brown heart 
Onion 1:330 Smut 
Celery | 1:240 15 Wash and dry | Smut 














2. Sowing Period 
The appropriate period for sowing is determined on the basis of the period 


when the vegetable is transplanted and set and the number of days the 
seedlings require hotbed or greenhouse treatment and sunny furrows. 
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3. Seedbed Management 


(1) Mulching: Before the sprouts emerge from the earth, mulching is 
performed once or twice with pulverized moist soil that has been passed 
through a sieve to a thickness of 4 to 5 millimeters in order to accel- 
erate the growth of new roots by the sprouts. 


(2) Thinning of seedlings: After thinning the seedlings, a distance of 
3 to 5 centimeters should be maintained between then. 


(3) Irrigation: When the earth in the beds is dry, it is watered once. 
After watering, it is covered with earth in order to maintain the soil 
temperature. Watering is not done again until time for transplantation. 


(4) Aeration: Aeration is generally begun when the first true leaf has 
opened and the bed temperature is 12°C. The following points should be 
observed in aeration: 





(a) The “curtains” covering the windows should gradually be opened. 


(b) Im regions with a great deal of wind, the windows should be opened 
in the direction of the wind. 


(c) On successive cloudy days, particular attention should be given to 
aeration and aeration should be intensified after watering. 


(d) When there is a change to clear weather after a long period of cloudy 
and rainy weather and young sprouts appear withered, they can be pro- 
tected from the sun at noontime with straw mulch. 


‘e) After sowing but before the sprouts emerge and after transplanting 
but before the seedlings revive, they should be shielded with glass and 
straw mulch in order to strengthen temperature maintenance. The mulch 
should be off in the morning and on at night. After the sprouts have 
emerged but before transplanting, and after transplanting but before 
thinning, the glass should gradually be opened to allow airing. The 
coverings should still be opened in the morning and closed at night. 
Seven to 8 days before setting, the coverings should be opened half way 
or all the way so that the young seedling can be tempered by appro- 
priately lower temperatures. 


(5) Transplanting: The seedlings should be transplanted one or two 
times in order to assure sufficient distance between plants, to allow 
for growth of the root systems and to prevent crowding. On the first 
transplanting, the distance between plants should be 6.6 x 3.3 centi- 
meters, while, on the second transplanting, it should be 10 x 10 centi- 
meters. After planting, mulching should be done. Growth will recover 
after 7 to 8 days. A clear day should be selected for transplanting, 
and after transplantation, ! rect sunlight should be avoided. The 
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temperature of the soil bed should be maintained over 25°C and the seed- 
lings should not be watered excessively in order to avoid lowering the 
soil temperature. 


Il. Transplanting [Setting] 


In the latter period of seedling cultivation, the amount of water supplied 
should be decreased, application of fertilizer should be stopped and 
aeration and exposure to sunlight should be increased. After the seed- 
lings have been taken up, they should be put in containers in order to 
facilitate growth of rootlets (fibrous roots), allow the dry and sap 
material in the seedlings to increase and strengthen their resistance 

to cold and to unfavorable environments so that they can be left without 
extra care sooner. Seedlings with short, sturdy stems, short and upright 
internodes, thick leaf blades, deep coloration, an equal degree of growth 
and in healthy condition without insect infestation are to be selected. 
Setting is carried out in the afternoon after a rain on a cloudy day 
without a wind. 


III. Field Management 


1. Thinning and Replacing Seedlings: In the case of direct seeding of 
vegetables, the young seedlings should be thinned, set and replaced 
periodically. When thinning, a suitable distance should be maintained 
between the plants. Their leaves should not tcuch each other. The 
seedlings that should be retained are those that are healthy with char- 
acteristics typical of the variety, that have short internodes, that 
have normal coloration and that are of uniform size. 


2. Irrigation: Irrigation should be based on the water requirements of 
each type of plant at different stages of growth. Irrigation is gen- 
erally done before and after seed selection, during the seedling period, 
before and after transplanting and after application of fertilizer. In 
order to adjust the temperature, irrigation can be done in the morning 
and evening of hot days and before frosts in order to lower or balance 
the temperature and lessen frost damage. The amounts of water supplied 
differ for different types of vegetables and for different types of soil. 
The amounts of water supplied to different types of vegetables are shown 
in the following table. 
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Depth of soil 
Type of vegetable moistened each 
time (c 





1. Rapld-growing vegetables and various types of vege- 


table seedlings 20-30 
2. Lettuce, scallions, garlic, cucumber, capsicum, 

eggplant 30-40 
3. Tomato and vegetables of the celery cabbage type 40-50 
4. Cucurbits, beans and root vegetables; potatoes 50-60 








Note: Water is generally applied to a depth of 1 centimeter. This amount 
can moisten 10-15 centimeters of clay soil, 15-20 centimeters of 
sandy soil and 5-10 centimeters of peat soil. 


3. Application of Fertilizer 


(1) When organic fertilizers are used, they should be decomposed. In the 
case of direct sowing of vegetables, small amounts of chemical fertilizer 
can be applied as seed fertilizer. 


(2) The type of fertilizer used and the time it is used should satisfy 
the nutritional requirements of the vegetable at the different stages of 
its growth. 


(3) Decomposed human feces and urine is generally diluted by adding water 
2 to 5 times their volume. Small amounts can be added when the soil is 
heavy and when the weather is comparatively cool. 


(4) Chemical fertilizers must not be applied to leaf blades or heart 
leaves. 


4. Interrow Tillage To Remove Weeds and Bank up the Soil: The depth of 
interrow tillage is determined by the character of the soil, the thick- 
ness of the topsoil, weather conditions, space between the rows and types 
of vegetables and weeds. In the case of shallow-root vegetables such as 
cucumber and onion, shallow interrow tillage is preferable. In the case 
of such deep-root vegetables as tomato, cucurbits (except cucumber) and 
tuberous vegetables, deep interrow tillage is preferable. Shallow inter- 
row tillage is advisable the first time after sowing the seeds. While 
the plants are young and the area of distribution of the root system is 
small, deep interrow tillage is advisable. After the plants have grown 
larger, the range of their root systems gradually increases and shallow 
interrow tillage is advisable. Weeding should be done early when the 
weeds are small and all of the weeds should be removed. 
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5. Plant Management 


(1) Pruning, cutting branches and removing hearts: Tomatoes, cucumbers 
and white gourds exhibit strong growth of lateral branches. These lat- 
eral branches should be removed to control creeping and to facilitate 
concentration of nutrients for flowering and fruit formation. 


(2) Removal of leaves: Yellowed leaves at the base of the plant and 
leaves infested by insects should te removed to facilitate aeration and 
penetration of light, to decrease damage due to insects and diseases and 
to accelerate fruit maturation and coloration. However, an excessive 
amount of ieaves should not be removed. 


(3) Binding leaves: By binding the leaves of Brassica pekinensis Rupr. 
and cauliflower, it is possible to protect them from frost and improve 
their quality. 


(4) Pressing vines into soil: By pressing the vines of creeping plants 
into the soil, it is possible to control their nourishment and increase 
the capacity of the plants fcr absorbing nutrients. 


(5) Trellises: By placing climbing vegetables on trellises, it is 
possible to make more economic use of the land, to prevent rotting of 
the fruits, to decrease damage by insects and to facilitate management. 


Vegetable Gardening in Protected Areas 
I. Cold Frame [Sunny Furrow] 


1. Rush Cold Frame (pull mat type cold frame; Figure 10-1): Made up of 
a windbreak, frames and a cover (glass or straw mat). The windbreak is 
made up of three parts, a bamboo fence, a wind break and an earth backing. 
The bamboo fence is set outside the north bank. In winter, it is 

inclined slightly toward the south at an angle of 70° to the surface of 
the earth. [In spring, it is set vertically. An earth backing is made 

at the base of the bamboo fence and the windbreak is a height of 40 
centimetecss. It is 50 centimeters wide at the base and 20 centimeters 
wide at the top. It rises 10 centimeters above the north frame. The 


cold frames are made of earth. Straw mats and glass are used for the 
covering materials. In the Selitne region, rush cold frames are used 
for temporary cultivation, delayed cultivation, early-maturing cultiva- 


tion, growing of seedling and seed selection. 


2. Trough Cold Frame (roll-up mat type cold frame; Figure 10-2): They 

are similar in structure to the rush type cold frames. They differ in 

that the windbreak is vertical (inclined 80-90° to the surface of the 

ground), that the earth backing is smailer and that the frames are higher 

and thicker. In the Beijing region, trough cold frames are used pri- y 
marily for early spring growth of seedlings and spring cultivation ot F 
cucumber, white gourd, tomato an gzplant. 
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Figure 10-1. A Rush Cold Frame 


Key: 
l. South frame 5. Bamboo fence (2.5 meters) 
2. Covering glass 6. Earth backing 
3. Straw mat 7. 165 centimeters 
4. Windbreak (1.5 meters) 8. North frame 





Figure 10-2. A Trough Cold Frame 


Key: 

1. Earthen frames 3. Windbreak 

2. Bamboo fence 4. Earth backing 
Il. Hotbeds 


1. Simple Inclined Wood Frame Fermentation Heat Hotbeds: The wood frames 
are 1.33 to 1.66 meters in width and 4 to 6.66 meters in length. The 
height of the south frame is 26 centimeters and the height of the north 
frame is 53 centimeters. The frames are 3.3 to 4 centimeters in thick- 
ness. 
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2. Compounding Standards for Fermentation Heat Materials 























Bed temperature 20-25°C 
(within 40 days) 
Amount of material Average outside —w 
— temperature 
-4°C 3°C 6°c | 8°C 
Horse Thickness (cm) 66.7 50 33.3; 301] Most suitable 
manure Amount used material for 
(catties) 1,500 {1,125 750 675 | fermentation 
heat 
Cottonseed | Thickness (cm) 43.3 33.3} 26.6); 20) Best heat 
husk and Cottonseed husk fermentation 
rice straw! (catties) 550 450 350 250 | effect 
Rice straw 
(catties) 120 90 90 90 
Rice straw | Thickness (cm) 43.3 43.3 | 26.6] 20 | Mixed materials 
mixture Rice straw can be obtained 
(catties) 600 480 380 280 | easily and pro- 
Rice bran vide very good 
(catties) 80 60 50 40 | effects 
Human urine 
(picul) 7 5 4 3 
Tree leaves 
(catties) 180 120 100 80 























3. Heating Method for Fermentation Heat Materials: A clear, windless day 
is selected. The bottom of the bed is covered with a layer of fragments 
of straw and tree leaves, which are then mixed together. The fermentation 
heat materials that are used to start fermentation are introduced in two 
or three separate layers. Each layer is about 15 centimeters in thick- 
ness. When each layer is introduced, clear water or urine is sprinkled 
over it ouce. It is then tramped down once again and the water content 

is brought up to 70 percent. The amount of fermentation heat material 
used shoulc be somewhat greater in thickness than the prescribed thick- 
ness. After it has been introduced in separate layers, it is covered 

with glass. During the night, a straw mat cover is added. Once the heat 
fermentation material has reached 50°C, it can then be introduced into the 
soil of the bed, and, after more than 2 days have passed, sowing or set- 
ting can be carried out. 


III. Some Models of Structurally Simple Hothouses 


1. Small Sunlight Hothouse (Figure 10-3): This type is also called 
"improved" cold frame, as it was developed from cold frames. Its area 
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and space are greater than that of the cold frame, the north frame is 
higher than the cold frame, there is an increase of one layer of soil, 
and there is an inclined glass window on the front at an angle of 40-60° 
to the ground. In other respects, its structure is similar to that of 
the cold frame. It functions in basically the same way as the cold 
frame, but the amount of light penetration, the degree of temperature 
maintenance and temperature increase are superior to those in the cold 
frame. Its structure is simple. 


ue 2) 








“> 
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Figure 10-3. Small Sunlight Hothouse 


Key: 
1. Windbreak 2. 320 centimeters 


2. Large Sunlight Hothouse (Figure 10-4): This type makes thorough uti- 
lization of the heat of the sun and has good heat-maintaining and cold- 
preventing characteristics. For this reason, in regions in which there is 
clear weather in winter and spring and under conditions of outside 
temperatures of -20°C or lower, such thermophilic vegetables as cucumbers 
and tomatoes can be raised in the large sunlight hothouse at low cost by 
comparatively simple cultivation techniques. 





Figure 10-4. Large Sunlight Hothouse 


Key: 
1. Large tie-beam 7. Front pole 
2. Crossbeam 8. Cold protection ditch 
3. Millet stalk 9. Glass surface 
4. Sliding plaster roof 10. Aisle 
5. Center pole ll. Windbreak 
6. Rear pole 12. Back wall 
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3. Beijing Type Hothouse (Figure 10-5): In general, it is 6 meters in 
width, 1.6 meters in height and 48 meters in length. The width of the 
cultivation bed is 3.8 meters. The glass skylight is 2.2 meters in 
length and is slightly inclined at an angle of 15° to the ground level. 
The ground window is comparatively short, being 1.5 meters, and is more 
steeply inclined at an angle of 38° to the ground level. 











Figure 10-5. Beijing Type Hothouse 


Key: 
l. Large tie-beam 9. Stove 
2. Crossbeam 10. Aisle 
3. Millet stalk ll. Ground window 
4. Sliding plaster roof 12. Skylight 
5. Center pole 13. Earthen wall 
6. Front pole 14. Cultivation bed 
7. Rear pole 15. Cold protection ditch 
8. Chimney 16. 600 centimeters 


IV. Essential Points i») the Management of Protected Areas 


1. Soil Tillage: The soil should be plowed up and dried in the sun as 
early as possible before sowing and transplanting. In cold frames [sunny 
furrows] for early spring seedlings and in the autumn when the earth 
frames have been built up, the soil should be turned over to a depth of 
30 centimeters. The soil in the furrows should be piled inside the 
north frame toward the surface on the sunny side and be exposed to the 
sunlight for a long period. Before and after harvesting crops planted 
in the previous season, remaining roots and dried leaves should be 
cleared out, the soil should be turned over to dry in the sun, and, 
after a few days, organic fertilizer should be introduced again. The 
soil should be plowed two or three times and then leveled and pressed 


down slightly. 
2. Application of Fertilizer: Lf large amounts of fertilizer are 


applied, fertilizers of high effectiveness should be used. In addition 
to dried human feces, beancake fertilizer and chemical fertilizer, hides, 
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hoofs and horns and animal bones can also be used. Fertilizers must be 
prepared finely. Coarse fertilizers such as bird excrement must be 
thoroughly fermented, decomposed and passed through a sieve. In addi- 
tion, care must be taken as to the proportions in which nitrogen, phos- 
phorus and potassium are combined. 


3. Irrigation: The characteristic points in protective soil irrigation 
are to irrigate infrequently and to irrigate in sufficient amounts. In 
general, on clear days, irrigation should be carried out in the morning. 
If there is a succession of cloudy days, then water can be applied to 
individual plants that are dry. When there is a series of clear days in 
succession, the frequency of irrigation can be increased appropriately, 
while the quantity of water supplied each time can be decreased. Between 
spring and summer, since temperatures are high and there is a large 
amount of evaporation, the frequency of irrigation should be increasec 
appropriately, with the amount of water supplied also being appropriately 
increased. Under severe winter conditions and in early spring, the water 
temperature should be about 20°C. 


In hotbeds, the frequency and quantity of irrigation should be controlled 
as appropriate. 


In the case of windbreaks, cold frames and sunlight hothouses, sufficient 
quantities of water should be supplied and mulching should be done fre- 
quently at times of sowing or transplanting. In the seedling stage and 
in the early stages of growth, as little irrigation should be done as 
possible or done not at all. As soon as the outside temperatures have 
become comparatively warmer, the frequency and amounts of water supplied 
can then be gradually increased again. 


4. Regulation of the Microclimate 
(1) Warming 


(a) Regulating fermentation heat hotbeds: When the temperature is low 
because the fermentation heat materials are dry, pointed pieces of wood 
can be used to distribute the fermentation heat materials uniformly into 
holes and water or human feces and urine can be introduced. If the fer- 
mentation heat materials lose their effectiveness, two places to the 
south of the frame can be chosen and some high temperature fermentation 
heat materials (textile layer, rice bran, horse manure, etc.) can be 
introduced so that heat generation can be continued. Such materials can 
be introduced again after effectiveness is lost. 


(b) Temperature of regulated hothouses: In cold, clear or very windy 
weather and after irrigation, temperature can be increased appropriately. 
Inside temperature on cloudy days should be 4-5°C lower than on clear 
days. 
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(c) Supplementary heating in cold frames and sunlight hothouses: 
Between 5-/ January and 20-21 January, there is continuous cloudy and 
snow weather (with lowest temperatures at the surfaces of the cold 
frame abour -5°C) so that coverings cannot be removed during the day. 
When necessary, fires can be lit for purposes of warming. In sunlight 
hothouses, open or covered fires can be used for supplementary heating 
or coverings of peat soil or horse manure can be used. 


(2) Protection from cold and maintenance of warm (North China region) 














Type First stage | Second stage Third stage 
(Sep-Nov) _ (Dec-Feb) (Mar-May ) 
Gradual intensifi- Strict cold protec- | Increase of aeration 
cation of cold pro- | tion and heat and gradual cut back 
tection and heat maintenance in cold protection 
maintenance and heat maintenance 





Management of seasonal cold protection and heat maintenance 


Cold Gradual erection of increase in double Use of single mat 
frames earth frames, straw | covering with mats coverings, removal 
mats and windbreaks | and glass of wind cloths, 


Straw mats and 
glass, and, finally 
removal of windbreaks 





Sunlight - increase in cold Removal of paper 
hothouses | protection ditches | coverings 
| and paper coverings 











Management of ordinary cold protection and heat maintenance 


Hothouses | Covers removed at | Covers removed one- | Coverings removed at 
sunrise and re- | half hour after sunrise and replaced 
placed at sunset , sunrise and at sunset 


replaced one-half 
hour before sunset 








Cold Covers removed vovere removed Covers removed later 

frames later and replaced around soontimge and replaced earlier 
earlier than in than in hothouses 
hothouses 























(3) Aeration and ventilation 


(a) Cold frames: Im the case of cold covered cold frames, the straw mats 
are removec only for the purpose of seration. Im the case of hot covered 
cold frames, the glass must be opened « crack in increasing amounts as the 
weather warms and the period of seration should gradually be extended. In 
cold weather, they should be tightly covered with glass and the seration 
period should gradually be reduced. In severe cold, aeration is not 
advisable. After warming in spring, the glass can be removed and the 
cold frames can be half covered with mats, the mats can be raised and 
sheltering awnings used, windbreaks can be taken down and bamboo fences 
cen be erected as methods for increasing aeration and ventilation. 


(b>) Wotbeds: Aeration is more intense than in cold frames. Aeration 
can be begun at an earlier time. The methods are similar to those used 
vith cold frames. 


(c) WHothouses: Changes should be made as the weather changes. in severe 
cold seasons, seration should be begun 1 to 2 hours after removing mats. 
When the windows are first opened, every other window should be opened. 
The direction in which the windows are opened should be in the direction 
the wind is blowing. In the Beijing region before 22-23 November, the 
skylight and the ground windows can both be opened. However, the ground 
window should be opened a half hour later than the skylight and closed a 
half hour earlier. After 6-8 December until 18-20 February of the 
following vear, only the skylight should be opened. By 5-7 March, the 
skylight and ground window can be opened at the same time, and, at noon, 
the doors can be opened wide. 


Storage of Vegetables 

|. Methods of Storing Vegetables 

l. Piled Storage 

Suitable vegetables: Celery cabbage, cabbage, onions, potatoes. 
Treatment before storage: After harvest, the vegetables are laid out 
flat to dry and those vegetables that have been affected and injured by 
insect pests are discarded. 

Method: They are laid out in rows in hollows or shallow excavations in 
the ground and covered with soil to keep out the cold. They may also be 
placed in an empty room with the windows covered so that the sun will not 


shine in on them and so that the room will be cool. Tuberous vegetables 
can be piled on a dry surface. 
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2. Buried Sto: 
Suitable vegetables: Radish, carrots, potatoes. 


Treatment before storage: After harvest, the leaves are removed and 
vegetables affected by insect pest damage and mechanical wounds are 
discarded. 


Method: A high, dry plot of land is selected. A rectangular ditch 

1 to 1.2 meters in depth, 1 to 1.5 meters in width and of any length is 
dug in an east to west direction. The soil that has been dug out is 
piled to the south of the hole and is formed into a small wall running 
along it in order to keep the sunlight from entering. 


3. Temporary Planting Storage 


Suitable vegetables: Celery, rape, lettuce, small radish, piaocercai, 
wutacai, cabbage, kohlrabi, cauliflower, greens. 


Treatment before storage: The vegetables are picked together with their 
roots, the dirt is shaken off and the vegetables are dried for 1 or 2 
days. 


Method: Cold frames [sunny furrow], ditches or cellars can be used. 
Cold frames are most commonly used. Vegetables that have been thoroughly 
dried are placed ir cold frames and are lumped close together. They are 
covered to protect them from the cold. 


4. Cold Storage 
Suitable vegetables: Spinach, coriander, spring onion. 


Treatment before storage: Before freezing, the vegetables are picked 
together with their roots, the soil is shaken off them and they are tied 
up in bundles. 


Method: “Vevel sections 1 to 1.3 meters in width are made on the north 
side of a windbreak or in a room. The vegetables are placed roots down 
with small spaces between the bundles. They are then banked with moist 
soil and are covered with a thin laver of soil. Following that, they 
are banked with soil a second time, depending on changes in atmospheric 
temperature. 


5. Cellar Storage 
Suitable vegetables: Celery cabbage, cabbage. 
Treatment before storage: After harvest, they are dried in the sun on 


the ground for 3 to 4 days. Before storage, they are put into piles and 
the old tops [lao bang] and yellowed leaves are removed. 
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Method: Semi-underground cellars: The cellar pits extend 1 to 1.2 
meters into the earth and extend 1.2 to 1.3 meters above the earth. Top 
width is 50 to 60 centimeters, bottom width is 60-80 centimeters and the 
thickness at the top of the cellar is 20-30 centimeters. Underground 
type cellar: A location must be selected where underground water is 
comparatively low and where tle ar c.rculaces well. In general, the 
cellar is 3 to 4 meters in width, while ics length is determined by the 
quantity of vegetables to be stored. The vegetables placed in the cellar 
are piled in rows, after which attention should be given to rotating the 
positions of the vegetables. When the vegetables are first placed in 
the cellar and during warm weather in particular, the frequency of rota- 
tion should be increased. Attention should also be directed at securing 
ventilation and at protecting the vegetables from the cold. 


Il. 


Temperature and Humidity for iieir Storage 


Freezing Points of Different Kinds of Vegetables and Optimum 














Optimum storage 
Type of eo temperature and | Storage period 
vegetable humidity under optimum 
Maxi-]Mini-]|Aver-|Tempera- [Humidity] conditions 
mum mum age jture (°C)| (%) 

Celery cabbage -0.5 | -0.8 | -0.65 0-2 85-90 3-4 months 

Spinach, lettuce | -0,41 | -0.51 | -0.46 0-0.5 90-95 2-3 weeks 

Cabbage -0.77 | -1.15 | -0.98 | -1-0 90-97 Until fresh vege- 
tables taken to 
market 

Cauliflower -0.93 | -0.99 | -0.96 0-0.5 85-90 - 

Winter rape - - -0.98 0-2 90-95 Fresh vegetables 
te market 

Radish - - “1.1 |0.5-1.5 85--90 Fresh vegetal les 
to market 

Rape-turnip - - -1.1 0-2 90-95 Fresh vegetables 
to market 

Carrot -1.19 | -2.21 | -1.6 0-1 90-95 Fresh vegetables 
to market 

Celery - - - 0-1 90-95 Fresh vegetables 
to market 

Parsley - - - 0-1.5 95 and - 

above 

Onions left to 

seed - - - 0-1 75-85 Up to 5 months 

Spring onion - - - 0-1 - ~- 

Garlic -2.45 | -2.73 | -2.57 0-1 70-75 l year 

Green tomato - - - 10-12 80-85 2-3 weeks 

Red tomato -0.62 | -0.79 | -0.71 0-0.5 85-90 1 month 

Sweet pepper 

(green) - - 2-3 90-95 - 




















Table (Continued) 





Freezing point 


Optimum storage 
temperature and 








Storage period 





Type of (C) humidity under optimum 
vegetable Maxi- | Mini- Aver- | Tempera- | Humidity conditions 
mum | mum | age | ture (°C (%) 

Cucumber -0.44 | -0.62 | -0.53 | 0.5-1 85-90 3-4 weeks 
Squash -0.50 | -0.81] -0.64 | 10-14 70-75 l year 
Eggplant -~ - - 1-3 80-85 = 
Watermelon -0.82 | -1.08/ -0.93 3-4 80-85 Up to 1 month 
Muskme lon -0.83 | -1.08 | -0.93 2-3 90-95 Up to 5 months 
Peas - - - 0-2 85-90 - 

Potato -1.04 | -1.29) -1.19 1-3 85-95 1 year 








Major Diseases and Insect Pests of Vegetables and 


Control 


I. Imsect Pests 


Green Caterpillar (larva of the cabbage butterfly) 


Crops damaged: 


radish, cauliflower. 


Mode of occurrence: 

















Their Treatment and 


Cabbage, celery cabbage, mustard, tuberous-rooted mustard, 


The larvae cause the damage and can damage the vege- 


table throughout the entire growth period. They overwinter as pupae in 
the vicinity of vegetable gardens on the sunny side of bamboo fences, on 
wiinered tree leaves, on walls or under the eaves of buildings. 


Morphology and habits: 
body of the larva is green and is covered with fine huirs and small dots. 
On both sides, there is a line of small yellow spots. 


young leaves. 


Methods of prevention and control: 
nating overwintering pupae. 


of 80 percent dipterex. 


Yellow Striped Jumping Beetle 


Crops damaged: 


Mode of occurrence: 


(2) 


(1) 


The adults are white butterflies. 


The entire 


The larvae eat the 


Clearing garden land and extermi- 
Spraying 1,000 to 1,500 parts solution 


Celery cabbage, cabbage, radish, mustard, rape. 


Both adults and larvae cause damage and can damage 


the vegetable throughout the entire growth period. Adults overwinter in 
clumps of grass and under withered leaves. 











Morphology and habits: The adults are very small insects with hard 
exoskeletons. The entire body is black with yellow stripes on both sides. 
The tend to hop and eat leaves and young shoots. The larvae live in the 
soil. Their heads are brown and their bodies are white. They eat roots. 


Methods of prevention and controi: (1) Clearing garden land and exter- 
mination of overwintering adults. (2) Spraying 2 catti+s per mou of 

6 percent 666 powder on land adjoining cultivated areas in order to 
exterminate larvae when they are first hetching. (3) Spraying leaf 
surfaces with an 809 to 1,000 parts solution of 80 percent dipterex in 
order to control adults. 


Aphids 


Crops damaged: Celery cabbage, radish, cabbage, mustard, fresh soybea», 
cowpea, eggplant, cucurbits. 


Mode of occurrence: They occur in large numbers in spring and autumn. 
Eggs are generally laid in late autumn. They overwinter in bases of leaf 
stalks of overwintering vegetables. 


Morphology and habits: Bodies are small and are light green or dark 
green. May be winged or wingless. Are found in clusters in heart leaves 
or on the undersides of leaves where they suck from the vegetables. 


Methods of prevention and control: (1) Clearing garden land and extermi- 
nating overwintering eggs. (2) Strengthening work in preventing and con- 
trolling aphids of cruciferous vegetables in fields planted in summer or 
early autumn. (3) Preventing and controlling by spraying 1,500 to 2,900 
parts emulsion of 40 percent dimethoate. 


Cucumber Pest [Aulacophora femoralis Motschulsky] 


Crops damaged: They primarily damage cucurbits but also can damage beans 
and cruciferous vegetables. 


Mode of occurrence: They occur in large numbers for 5 to 6 months each 
year and cease activity when air temperature falls to about 15°C. Adults 
overwinter concealing themselves on the sunny sides of withered leaves, 
in clumps of grass and in crevices in the soil. 


Morphology and habits: Adults are yellow with hard sheathed wings and 
eat the young leaves, young stalks, flowers and young fruits of cucurbits. 
Adults lay their eggs in the soil in the vicinity of the roots. Larvae 
are small maggots. When they are first hatched, the larvae damage the 
branch roots. Later, they damage the main root. 


Methods of prevention and control: (1) Adults can be shaken off and 
collected from windbreaks *~» sunset until before sunrise. (2) Five 
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hundred parts dipterex or 800 to 900 parts essence of Derris can be 
sprayed. Tobacco powder can be spread in the vicinity of the roots of 
the cucurbits in order to kill the larvae when they first hatch. A 
solution of fresh tea-seed cake can also be used to water the roots in 
order to kill the larvae. 


Il. Vegetable Diseases 
Virus Diseases 


Crops damaged: Celery cabbage, mustard, radish, tomato, capsicum, 
cucurbits, cabbage. 


Mode of occurrence: They may occur in both spring and autumn. In spring, 
they are severe in radishes, whereas in autumn, they are comparatively 
severe in celery cabbage. They cause the greatest damage during periods 
of dry weather. During the winter, the viruses overwinter on cruciferous 
vegetables and are transmitted by aphids the following year. 


Symptoms: Leaf blades become rugose and uneven and the depth of the 
green coloring becomes uneven. In serious cases, the heart leaves of 
diseased sprouts become curled and malformed, with the entire plant 
becoming atrophied. 


Methods of prevention and control: (1) Early extermination of aphids in 
order to prevent disease transmission. (2) Strengthening of liquid 
fertilizer management in order to cultivate sturdy seedlings. (3) Selec- 
tion and breeding of disease-resistant varieties and selection of healthy 
plants for plant stock. 


Downy Mildew 


Crops damaged: Celery cabbage, cabbage, cauliflower, turnip, radish, 
mustard, rape [yun tai], dark green cabbage (Capsella). 


Mode of occurrence: It may occur at any time during growth of the plant 
and is severe in autumn. The fungus overwinters in the form of oospores 
in the rotten tissues on which it has been parasitic and in the soil. In 
the following year, the oospores are spread by wind, rain, compost and 
running water. 


Symptoms: The diseased spots are yellowish-green. During wet weather, a 
white moldy substance appears on the back sides of the leaves. In severe 
cases, the leaf blades dry and crack. 


fethods of prevention and control: (1) Clearing garden land; rotating 
crops after 2 years. (2) Cutting off diseased leaves in the early period 
of onset. (3) Spraying a 300 to 400 parts solution of 40 percent Zineb or 
Bordeaux mixture in a ratio of 1:2:400. (Bordeaux mixture is not used on 
celery cabbage since the drug harms the plant.) 
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Soft Rot 


Crops damaged: More than 50 types of vegetables of the families 
Cruciferae, Sclanaceae, Cucurbitaceae and Leguminosae, with celery 
cabbage, cabbage and radishes being the most severely affected. 


Mode of occurrence: It may occur in both spring and autumm but occurs 
most severely in autumn. Onset is manifested when the heart of celery 
cabbage begins to be enfolded. The cavsative organisms overwinter in 
diseased plants that have been left in the soil or in fertilizer and in 
the bodies of insects. Striped flea beetles and aphids can carry and 
spread the organisms. 


Symptoms: Water-saturated spots first appear on the leaf stalks close 
to ground level and then become enlarged, after which the entire leaf 
decays and hangs downwards in a withered condition. There is another 
type that causes decay in the heart and spreads outwards, with the 
entire plant dying rapidly. The diseased plants have a putrid odor. 


Methods of prevention and control: (1) Extermination of such insect pests 
as striped flea beetles and aphids. (2) Rooting out and deep burial of 
diseased plants and spreading of powdered lime in holes where diseased 
plants have been. (3) Direct seeding in elevated plots and careful 
attention to water drainage. (4) Use of decomposed fertilizer. 


Early Blight of Eggplant [Phytophthora parasitica Dast. j 
Crops damaged: Eggplant, tomato, cucumber, squash. 


Mode of occurrence: Young sprouts in seedbeds suddenly lodge, with the 
disease reaching a height in the mid and late stages of fruiting. The 
causative organisms overwinter in the diseased fruits or in the soil and 
invade plants the following year, being borne in rain water. 


Symptoms: The stalks of the young seedlings present a waterlogged 
appearance near the ground level and then hang down and lodge. Diseased 
spots on the fruits first appear as round circles, after which they 
enlarge growing inwards. During wet weather, a white mildew appears 

and rotting occurs. 


Methods of prevention and control: (1) When the rainy season starts, a 
Bordeaux mixture in a ratio of 1:1:240 should be sprayed at intervals of 
7 to 10 days. (2) Diseased fruits should be removed. (3) Crops should 
be rotated after 3 years. (4) Careful attention should be given to 
water drainage between fields and to ventilation. 


Tomato Wilt 


Crops damaged: Tomato, ego». at, potato, capsicum. 
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Mode of occurrence: The causative organisms overwinter primarily in the 
soil or in diseased plants. 


Symptoms: All of the leaf blades of the plant wilt and turn yellow. The 
integument of the stems becomes coarse and the roots become unstable. 
When the diseased stems are cut transversely and squeezed, a dirty~-white 
viscous powdery substance appears. 


Methods of prevention and control: (1) Decomposed compost should be used 
and seedling beds should not be built on land in which eggplants and 
tomatoes are produced. (2) In regions which have the disease, crops 
should be rotated every 4 to 5 years. (3) Diseased plants should be 
rooted out and the area disinfected with lime water. (4) Careful atten- 
tion should be given to water drainage and aeration. 


Phomopsis Blight of Eggplant [Phomopsis vexans (Sacc. et Syd.) Harter] 
Crops damaged: Eggplant. 


Mode of occurrence: Disease may develop at any time during the growth 
period. The fungus overwinters in the remnants of diseased plants, in 
the soil and on seeds. It is transmitted by wind, rain and insects. 


Symptoms: Stems of young seedlings become discolored close to the ground 
level, lodge and die not long thereafter. When adult plants become dis- 
eased, the stems take on a deep brown color, with intermediate areas of 
grayish-white and diseased spots consisting of small black dots. Circular 
brown diseased spots with small black dots appear on the leaf blades. 
Diseased fruits decay and shrink and become covered with small black 

dots, giving the appearance of nuts. 


Methods of prevention and control: (1) A Bordeaux mixture in a ratio of 
1:0.5:100 should be sprayed once every 7 to 10 days during the period of 
onset. (2) Select fruits that are not diseased for seed selection, and, 
before sowing, soak the seeds in warm water at 50°C for 30 minutes. 

(3) Seedling bed soil should be replaced. (4) Disease-resistant 
varieties should be selected and bred. 


Downy Mildew of Cucurbits [Pseudoperonospora cubensis (Berk. et Curt.) 
Ros tow | 


Crops damaged: Cucumber, towel gourd [loofa], muskmelon, squash, winter 
melon, bitter melon. 


Mode of occurrence: It tends to be prevalent when there are great differ- 
ences between the day and nighttime temperatures and when there is high 
humidity. The fungus overwinters in a dormant state in the soil in the 
form of oospores. 
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Symptoms: At first, small yellow spots appear on the leaf blades. Sub- 

sequently, they become enlarged, forming polygonal light yellow diseased 

spots. Dark gray or purplish-gray villous mildew grows on the back sides 
of the leaves, which subsequently wither. 


Methods of prevention and control: (1) A 400 to 500 parts 50 percent 
zineb solution, a 800 parts copper-soap solution or a Bordeaux mixture 
in a ratio of 1:3:300 can be sprinkled on the plants. (2) Cultivation 
of sturdy seedlings. (3) Selection and breeding of disease-resistant 
varieties. 


Powdery Mildew of Cucurbits [Erysiphe cichoracearum DC, Sphaerothecu 
fuligeuea (Schl.) Poll. |] 





Crops damaged: Cucumber, muskmelon, squash. 


Mode of occurrence: Damage occurs in the later stages of growth. In 
dry, cold regions, the causative organisms overwinter in sporangia. In 
warm and very hot regions, they overwinter as conidia or as mycelia in 
the remnants of the plants in which they were parasitic. They are 
spread by air currents and rain water. 


Symptoms: Leaves and stems of cucurbits are affected. The diseased spots 
when they first appear are small and yellow. After they have enlarged, 
they assume a white powdery appearance. In the later stages, small black 
dots appear. 


Methods of prevention and control: (1) Spraying of 0.1° (Baume) lime 
sulfur mixture or 0.3 percent wettable sulfur dust. (2) Selection and 
breeding of disease-resistant varieties. 


Cucurbit Anthracnose [Colletotrichum lagenarium (Pass.) Ell. et Halst.! 
Crops damaged: Watermelon, cucumber, muskmelon, winter melon. 


Mode of occurrence: There are severe occurrences during periods of high 
temperature and humidity. The fungus overwinters in the soil in the 
remnants of the diseased plants. Stems and leaf blades close to the 
ground develop the disease first and rain water splashes spores on dead 
leaves in the soil onto the leaves. 


Symptoms: The entire plant can be affected by the disease. The diseased 
spots are circular and light green with a waterlogged appearance. In a 
short time, they turn reddish-brown and wither. On diseased fruits, dark 
brown concave diseased spots develop, and, in wet weather, there is a 
pink viscous substance present. 


Methods of prevention and control: (1) Selection and retention of healthy 
cucurbit seeds. (2) Sprayi»,. »f a Bordeaux mixture in a ratio of 1:3:300 
or of 400 to 600 parts zineb solution. (3) Crop rotation. 


10019 
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CHAPTER 11: CULTIVATION OF FRUITS 


Characteristics of Major Varieties of Several Kinds of Fruit Trees 


I. Apple 


Huangkui (Baimao, Dahuangpi, Yellow Transparent): Strong growth, few 
fruit-branch clusters, mostly short fruit branches, fruiting as well as 
ripening early, medium quality, resistant to cold and tolerant of 
drought, strong resistance to rot diseases; relatively poor resistance 
to brown spot disease and red spiders; soft meat fruit, not tolerant 

of transportation. 


Fuhupi (Hualihu, Hupi, Huanghuapi, Gravenstein): Relatively high adapta- 
bility as well as strong budding ability, fertilizer and water require- 
ment not strict, resistant to cold and rot diseases; fruits fall easily; 
yield not very stable; not tolerant of storage and transportation. 


Zhu (Meixia, Fuxiangjiao, Zhuguang, American Summer Pearmain): Strong 
growth, extremely strong budding power, relatively broadly adaptable, 
resistant to ring rot and rust diseases, excellent quality; ripening 
stage not uniform; fruits fall in large quantity before harvest; not 
tolerant of storage; weak resistance to wind and drought. 


Huangjiao (Jinguan, Jinshi, Fenghuangdan, Weitian, Golden Delicious): 
Strong ovdding and branching power, fruits in even size, extremely good 
quality, tolerant of storage and transportation, strong adaptability, 
early start of fruiting stage, high and stable yields; contracts brown 
spot disease easily, easily damaged by farm chemicals, poor cold 
resistance. 


Hongjiao (Yuanshi, Honghuapi, Honghuaping): Large fruit, very excellent 
quality, relatively tolerant of transportation, relatively high yields, 
strong and vigorous tree growth, strong adaptability, resistant to rot 
diseases; easily contracts red spider, white rot, spot rot diseases; 
poor fruit adhesion, loose surface after prolonged storage; late ripen- 
ing. 
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Hongxing (Xindawang, Star King): Very excellent quality, relatively 
tolerant of storage, strong tree growth, high adaptability; poor 
resistance to wind and diseases; easily damaged by red spiders and 
anthracnose; late ripening. 


Hongyu (Hongmian, Manhong, Jcaathan): Soil requirement not strict; early 
start of fruiting, strong budding and branching ability, good quality, 
relatively tolerant of storage; sheds leaves easily during early stage; 
contracts rot diseases easily; yield not stable; relatively poor 
resistance to cold; late ripening. 


Yuxia (Mapi): Strong adaptability, strong fruit adhesion, good quality; 
ring rot and anthracnose diseases rela’ y severe; late ripening. 


Yindu (Yinduxiang): Tolerant of storage, good quality, very sweet, 
relatively strong adaptability, relatively resistant to wind; not 
tolerant of saline and alkaline soils; late ripening. 


Qingxiangjiao (Bailong, Xiangjiangpingguo, White Winter Pearmain): Good 
quality, tolerant of storage and transportation, suitabie for sandy soils, 
fruit adhesion strong; not tolerant of saline and alkaline soils, not 
cold resistant, weak resistance to diseases and pests; late ripening. 


Chiyang (Rainer): Good quality, resistant to wind, high yields, very 
tolerant of storage, poor resistance to farm chemicals; late ripening. 


Dashanhu (Stayman Winesap): Strong adaptability, resistant to brown spot, 
early start of fruiting, high yields, good quality, very tolerant of 
storage and transportation; damage from wart aphis and red spider rela- 
tively severe, poor cold resistance, late ripening. 


Guoguang (Xiaoguoguang, Xisodongqing, Ralls): Strong adaptability, 
resistant to drought, cold, and wind, high yields, good quality, very 
tolerant of storage and transportation; rust disease and anthracnose 
contracted easily, late ripening. 


Yingqiu: Strong tree, numerous branches, relatively early fruiting, high 
yields, resistant to wart aphis, rot disease; strong resistance to cold, 
requires thick and fertile soil layer; fruits shed easily before harvest; 
medium ripening time. 


Shennong No 2: Good quality, size of fruit in between large apples and 
small apples; resistant to cold; development in cold regions possible. 


Jinfeng: Does not easily shed fruit before maturation; large fruits, 
good quality, and high yields; base of fruit yellowish-green color, with 
a faint red cast on sunny side, turning golden yellow after storage; 
medium ripening. 
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Hongfeng: Short, cone-shaped fruit, large size, yellowish-green skin at 
base, fresh red after coloring, with apparent purple-red stripes, seldom 
shed before maturing; high yields, large fruits, beautiful appearance, 
relatively good quality, tolerant of storage and transportation; late 
ripening. 


Xiangyanghong: Long, round fruit, large size, yellowish-green skin at 
base, fresh red after coloring, with apparent purple-red stripes; seldom 
shed before maturing; high yields, large fruit, beautiful appearance, 
relatively good quality, tolerant of storage and transportation; late 


ripening. 


Shengli: Short, cone-shaped fruit, medium size; yellowish-green skin at 
base, with a pink cast and stripes; higlly adaptable, high yields, excel- 
lent quality, extreme » -torable; late ‘ripening. 


Kuihua: Almost round fruit, medium size, yellowish-green skin at base, 
a freshly red cast on the sunny side; tolerant of storage and transpor- 
tation. 


Guoqing: Oblate and round fruit, medium size, light green skin at base, 
with discontinuous dark red stripes; strong fruiting ability, high yields, 
excellent quality, storable. 


Huangtaiping: Strong cold resistance, vigorous growth, high yields; 
round and slightly oblate fruit, medium quality, not tolerant of storage. 


Daqiuguo (Olga Crab): Strong cold resistance, vigorous trees, his. 
yields; oblate and round fruit, purple-red color, medium qu-".cy, rela- 
tively tolerant of storage. 


ll. Pear 


Jingbaili: Good quality, relatively early maturing, relatively tolerant 
of storage and transportation, not wind resistant, contracts scab easily; 
medium maturing. 


Nanguoli: Extremely excellent quality, strong budding ability, resistant 
to cold and scab, broadly adaptable, not tolerant of storage, late 
maturing. 


Pingguoli: Strong cold resistance, tolerant of low temperature to -30°C, 
good quality, early start of fruiting stage, tolerant of storage and 
transportation, resistant to scab, poor wind resistance, contracts rot 
diseases easily, late maturing. 


Yali: Highly adaptable, extremeiy good quality, high yields, tolerant of 
storage and transportation, contracts scab and pest damage easily, late 
ripening. 
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Cili (Chili, Laiyangli): Extremely excellent quality, tolerant of flood, 
high yields year after year, not resistant to drought. 


Xuehuali: Good quality, resistant to scab, contracts core worm easily. 
Enli: High yields, good quality, not tolerant of storage. late maturing. 


Qiubaili: Medium to good quality, tolerant of storage and transportation, 
highly resistant to cold, contracts scab easily, late ripening. 


Mili: Strong cold resistance, resistant to scab, medium to good quality, 
tolerant of storage and transportation, resistant to wind, not resistant 
to pest damage, brittle branches which break easily, late maturing. 


Xiangli: Early start of fruiting stage, excellent quality, tolerant of 
storage and transportation, late maturing. 


Chazili: Strong adaptability, resistant to scab, strong fruit adhesion, 
high yields, excellent quality, not tolerant of storage and transporta- 
tion, poor drought resistance, poor pest resistance; late maturing. 


Dongguoli: High yields, medium quality, very tolerant of storage and 
transportation, resistance to cold and insects poor, easily sheds fruit 
before ripening, late maturing. 


Chinanchangbali: Medium quality, highly adaptable, tolerant of thin 
soil, tolerant of storage and transportation, high and stable yields, 
weak branching ability, short life span, late maturing. 


Youli: Medium to good quality, high yields, long tree life, tolerant of 
storage and transportation, resistant to scab, no fear of late frost 
during blooming time, tendency to vary between good and bad years, late 
ripening. 


Zaosanhuali: Top quality, high yields, strong wind resistance, medium 
maturing, not resistant to diseases and pests. 


Zaoli: Extremely strong drought resistance, long life span, good quality, 
early maturing, weak resistance to cold; blooms freeze easily in late 
frost, resistant to scab, very weak resistance to black spot disease, not 
tolerant of storage and transportation. 


Zangqili: Good quality, medium maturing, weak wind resistance, weak 
resistance to diseases and pests. 


Dahuangli: Good quality, tolerant of storage and transportation, heavy 
fruit shedding when young. 


Zaodali: Medium quality, ea ‘es. maturing. 
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Tanshuihongli: High yields, long life span; fruits do not shed easily; 
good quality, tolerant of storage and transportation, ripens gradually, 
medium maturing. 


Bali (Qiuyangli, Xiangjiaoli): High yields, extremely excellent quality, 
must ripen late to be resistant to scab and core worm, medium maturing, 
not tolerant of storage and transportation; blooms freeze easily; easily 
contracts rot diseases. 


Sanjili: Good quality, strong budding ability, medium maturing, not 
tolerant of storage. 


Yaguangli: Strongly resistant to cold and flooding, not easily damaged 
by scab, tolerant of transportation. 


Daxiangshui: Strong cold resistance, broad oval shaped fruit. 


Xiaoxiangstui: Strong cold resistance; long, round fruit, yellowish-green 
color, relatively good quality. 


Ill. Peach 


Feichengtao (Futao, Datao): Extremely vigorous tree growth, straight 
stands, large fruit almost round, light honey yellow, clingstone, suit- 
able for being served raw or processed, very high yields, very good 
quality, large fruit, relatively resistant to diseases and pests, high 
requirements for fertilizer and water. 


Shenzhoushuimi: Strong and vigorous tree, straight branches, develops 
branches easily, yellowish-green fruit, purplish-red on the sunny side, 
very good quality, relatively tolerant of transportation, too many 
“juvenile peaches” on more vigorously developed fruit branches. 


Shanghai Shuimi: Vigorous growth of young trees, short, oval-shaped fruit, 
yellowish-white in color, clingstone, early fruiting, high yields, good 
quality, highly adaptable, medium maturing. 


Fenghuayulu (Zaoyulu): Medium tree growth, oval-shaped fruit, clingstone, 
best grown in fertile aliuvial, sandy soli; good quality, relatively 
high adaptability to soil ana climate, early maturing. 


Lingwuhuanggantao: Extremely large fruit, more or less round, golden 
yellow skin, clingstone, tolerant of transportation, late maturing. 


Liguanhuanggantao: Large irult, sweet and juicy, free-stone, excellent 
quality, medium maturing. 


Sahuahongfantao (Emaoquanfantao): Medium tree growth, unevenly flat 
fruit, clingstone, stones easily broken, early maturing, early start of 
fruiting, fruit large and beautiful, good quality, highly adaptable. 
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Huangjinfantao: Regularly flat and round fruit, clingstone, good quality, 
medium ripening. 


Wuyvexian: Straight standing trees, dense branches, msinly short fruit 
branches; fruit long and round, with thick skin, yellowish-green color, 
and peak seams on top at maturation; totally white meat, medium to high 
quality, tolerant of storage and transportation. 


Dajiubao (also called Chaoyang): Mediv=z tree growth, in spreading shape; 
early fruiting, fruiting better in mediuz and long fruit branches; almos« 
round fruit, with a slight dent at the top; pale yellow skin, vith fresh 
red cast on the top and sunny side, and discontinuous red stripes; top 
quality, tolerant of storage and transportation. 


Baifeng: Medium tree growth, semi-spreading type; gocd fruiting in a)! 
fru‘t branches; round fruit, with a small protrusion on the top; yeliowish- 
white colored skin after maturing, with fresh red cast on sunny sije; good 
quality for canning; high resistance to adversity, high yields. 


IV. Grape 
l. Table Grapes 


Longyan (Hongputao, Ziputao, Hongyuanxin): Large round fruit, reddish- 
purple color, good quality, mainly for eating, also used for wine making; 
suitable for trellis culture; vigorous growth, extremely tolerant of 
storage; high yields, highly adaptable, resistant to drought, high saline 
resistance; yield low away from trellis; relatively weak resistance to 
disease, contracts anthracnose, black blister and white rot diseases 
easily; late maturing. 


Meiguixiang: Medium vine growth, uneven sized fruit, purolish-red color, 
strong fruiting on secondary branches, for eating, also possible for wine 
making, or juice making. 


Niunai (Shayingputeo, Baiputao, Bainiunai, Manao, Baimanai): Medium 

or vigorous vine growth, large fruit, long, oval-shaped, light yellowish- 
white color; suitable for arid or slope land with good drainage, suitable 
for trellis culture; extremely good quality, tolerant of transportation; 
weak resistance to fungal diseases; branches easiiy die given conditions 
of deficient fertilizer and water; weak resistance to cold. 


Hongjixin (Ziniunai): Chicken heart shaped fruit, reddish-purple color; 
for eating; high yields, good quality, beautiful fruit clusters; rela- 
tively late start of fruiting stage; high requirements for fertilizer 
and water; medium disease resistance. 


Heihan: Medium vine growth, round fruit, blackish-purple color, for both 
eating and wine making; goo! ,vality, orderly and beautiful fruit clusters; 
soil requirement not strict; high resistance to disease, high yields. 
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Shabazhenzhu (Pierla): Medium growth, round fruit, yellow and sour, 
medium quality, high yields, extremely early maturing, relatively cold 
resistant, not tolerant of transportation. 


Xinmeigui: Medium growth, oval fruit, greenish-yellow in color, with 
the fragrance of rose; mediuw maturing, good quality, high yields, 
beautifully shaped fruit clusters, relatively tolerant of transportation 
and storage; severe shedding of flowers given conditions of rain ¢uring 
blooming stage or inferior nutrition; weak drug resistence. 


2. Wine Varieties 


Shabielawei: Tendency to vigorous growth, medium to good disease 
resistance, late maturing, good yields; suitable for making red wine, 
good taste as well as color. 


Faguolan: Relatively vigorous grcvth, early maturing stage, good yields; 
suitable for making red wine, good taste as well as color. 


Lakagijili: Tendency to vigorous growth, good yields; possible for 
making champagne of excellent taste. 


Dilawa: Medium maturing, low yields, small fruit clusters, purplish-red 
color; vigorous growth, disease resistant, strong cold tolerance, tolerant 
of storage and transportation; high sugar content, mild fragrance, possi- 
ble use as a flavoring for wine. 


Leisiling: Relatively strong growth, high yields; high fruiting ability 
in secondary buds and shoots; suitable for trellis culture; medium and 
short shoots requiring pruning; strong cold resistance, relatively drought 
resistant, medium maturing; weak disease resistance, easy shedding of 
flowers and small fruit. 


Jialiliang: Oval fruit, blackish-purple color; high ratio of fruiting 
branches, strong fruiting ability in secondary buds and shoots; superior 
raw material for making red grape wine; late maturing, easily produces 
small fruit, fruit maturing stage not uniforn. 


3. Raisin Varieties 


Seedless White: Medium erowth, emall fruit, almost round, light yellowish- 
green color, the best raisin variety, excellent quality, sweet, relatively 
drought resistant, tolerant of saline soil, high fertilizer requirement, 
high requirement for temperature and daylight hours, not smut resistant, 
weak resistance to cold, oot Colcrant of transportation. 








V. Citrus Fruit 
1. Sweet Orange 


Tongzigan: Early maturing, spherical, small fruit, thin and slight!, 
crisp skin, yellowish-red color, small, hard core, 9-11 sections, rnildly 
sweet-sour, maturing in eariy October. 


Bingtanggan: Early maturing, spherical fruit, yellowish-red skin, of 
tight structure and rough surface; deep yellow meat, tender and juicy, 
highly sweet and slightly sour, maturing in middle to late October. 


Xuegan: Spherical or long spherical fruit, smooth and shining skin, deep 
yellow color, difficult to peel. 


Xinhuitiancheng (Huashengcheng): Semi-spherical tree, sparse branches, 
relatively small round fruit, 10-12 sections, extremely good quality. 


Edangan: Vigorous trees, long spherical fruit, deep yellowish-red skin, 
with dense structure, easy to peel; yellow-red meat, tender, deep sour- 
sweet, maturing in middle of December. 


Shucheng: Semi-spherical tree, dense branches, spherical fruit, slightly 
tall, deep yellow base, with yellow-red irregular stripes; thin skin, few 
seeds, 10-13 sections, maturing in December. 


2. Mandarin Orange 


Pin-kan (Mitanggan, Lugan, Chaozhoumigan): Large fruit, flat and round, 
relatively thick skin, deep yellow color, rough surface, fat, large sec- 
tions, very juicy, mildly sweet-sour, few seeds, extremely excellent 
quality; maturing in December. 


Sihuigan (Dagan Xinggan, Huanggan, Yudonggan): Small shrub, loosely 
open branches; tlattened spherical shaped fruit, dark yellow skin, 10 
sections, juicy and sweet, good quality, tolerant of flood and drought; 
maturing in December. 


Jiaogan (Tonggan, Zhaogan): Small shrub, dense branches, thornless, 
fruit in spherical or flattened sphere shape, thick skin, deep yellow in 
color, rough surface, difficult to peel, dense meat, juicy, tender, 
extremely sweet; few or no seeds, tolerant of storage and transportation, 
early start of fruiting, extremely good quality, maturing in January- 
February. 


Chazhigan (Dahonggan): Short tree, dense branches, short internodes, 
thornless, flattened fruit, thin skin, easy to peel, 11 sections, 13 
seeds. 
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3. Tangerine 


Wenzhoumiju (Wenzhoumigan): Open tree, long branches, tendency toward 
sagging, no thorns, large leaves, in oval shape; very highly cold 
resistant, large fruit, flattened spherical shape, deep yellow in color, 
slightly thick membrane between sections, few seeds, juicy, excellent 
quality, tolerant of storage and transportation. 


Nanfengmiju: Open tree, vigorous growth, fine and dense branches, 
flattened spherical shaped fruit, with extremely thin skin, in 19 sec- 
tions, easy to peel, extremely sweet, with fragrance. 


Bendizao: Vigorous trees, with many branches; flattened spherical shaped 
fruit, extremely thin skin, few seeds, tolerant of cold, resistant to 
diseases, high yields, early maturing. 


4. Pomelo 


Shatianyou: Pear-shaped fruit, rough surface, yellow colored, white 
colored meat, tender, and sweet, tolerant of storage and transportation; 
maturing in October-November. 


VI. Walnut 


Bopihetao: Large nuts with thin shell, round or oval in shape, in uniform 
size, about 30 count per catty, plump meats with a high shelling rate, 
reaching 50 percent generally; about 72 percent oil content; deep yellow 
or light yellow colored membrane, best quality. 


Lurenhetao: Round or flattened spherical shaped nuts, relatively small; 
50-60 count per catty; very thin shell, partially broken to expose the 
meat, hence the name; very easy to shell, and easy to obtain perfect nuts, 
full and uniform in size, with a shelling rate of 60-70 percent, oil 
content about 70 percent; not tolerant of storage and transportation; 

nuts easily damaged by birds. 


Sinkiang Boku: Fast growing seedlings, fruiting in 2-3 years after 
planting; medium sized nuts, oval shaped, 35-4C count per catty, light 
brown in color, relatively smooth surface, thin shell, easy shelling to 
obtain whole nut; above 50 percent shelling rate, relatively full nuts. 


VIi. Chinese Chestnut 
Mingli: Vigorous trees, large and tall; triangular shaped hard nut, 
medium sized, with shinine shell; light yellow nuts, sweet, good quality, 


uniform maturing, being a variety of stable and high yields. 


Erluli: Flat and spherical fruit, large and uniform, high yields, good 
quality, thick shell, yellow-white in color, light yellow nut, sweet. 
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Mingjianli: Tall and large trees, vigorous growth, growing well in thin 
and sandy gravel soil, high fruiting ability, 2-3 fruits in each sac, 
large and of good quality, stable yields. 


Dayouli: Good fruiting in sandy marshland, large fruits. 


Taianmingli: Light yellow nuts, sweet and of fine structure; high yields, 
suitable for mountain cultivation. 


Selection of Tree Varieties 


When an orchard is being planned, the types and varieties of trees should 
be selected based upon their suitability for the terrain, soil charac- 
teristics, water, and climatic conditions. Major types of fruit trees 
suitable for specified natural conditions are listed in the table below 
[see table on pages 736-738]. 


Cultivation of Saplings 
I. Selection of Nursery Site 
1. Convenient source of water; 


2. Gentle slope (below 5°), or flat land with a ground water table 2 m 
below with good drainage. 


3. Sandy soil or loam, fertile and with thick soil layer; 

4. Convenient transportation, and close to areas of orchard development; 
5. Avoid continuous cropping, rather rotate the crop once every 2-3 years. 
Il. Treatment of Seeds 


Aside from such fruits as mandarin oranges, citrons and loquats, which 
should be grown directly from seeds, the seeds of pears, peaches, 
Diospyros lotus L., Elaeagnus umbellata, Thunb, and Shandingzi, which are 
generally used as stock for grafting, should be treated in layers for 
spring planting. The technique of layer treatment is as follows: 


1. Small Quantity of Seeds: A hole should be drilled in the base of a 
wooden box, barrel, or a flower pot, and a piece of tile should be placed 
inside to cover the hole for drainage. A layer of clean sand with a suit- 
able moisture content should be placed over the tile before a layer of 
seeds is placed on the sand. Another layer of sand should be used to 
cover the seeds before another layer of seeds is placed on the sand. In 
this manner, the container is filled with alternate layers of sand and 
seeds. The container is then buried in a high and dry place (to a depth 
of 60 cm) and covered with «o 1; it may also be placed in a cellar or a 
dark and cool room in the basement. 
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2. Large Quantity of Seeds: A shady and cool place should be selected 
for digging a trench, 60-70 cm in depth (the length and width should be 
determined by the quantity of seeds to be treated). The seeds should be 
placed in the trench. 


Ill. Selection of Seeds (ideutification by External Appearance) 








Pert fo be Superior seeds Bad seeds 
External Perfect shell and seed coat, | Broken shell and seed coat, with 
appearance | even size, full nut, bril- mechanical, disease, or pest 
liantly shining, elastic damage; uneven in size, thin, 
seed coat, gives under small and lack luster, with 
pressure wrinkles; »rittle and hard, 
easily crushed into pieces with 
pressure 





Cotyledon Milky white in color, not Light yellow in color (stored 
transparent, healthy, and old seeds), semitransparent 

no moldy odor (having been treated with high 
temperature heat), broken, 
damaged, and having a moldy odor 





Embryo Healthy and perfect Injured 











IV. Selection of Scions 


l. The female tree should be a pure [stock] of the variety, with healthy 
growth, high yields, and no disease or pest damage, and it should also be 
suitable for the local conditions of climate and soil. 


2. The branch to be used as the scion should be a new growth of the 
current year with a solid structure. Bud scions should be selected from 
the central section of the selected branch; in case of branch scions, 
1-2 year olds should be selected. 


V. Selection of Stock 

l. It should have strong affinity with the scion. 

2. It should have a good effect on the growth and fruiting of the scion, 
in such factors as a healthy and strong growth, high yields and long life 
span. 

3. It should be highly adaptable to the environmental conditions of the 


area of cultivation in such .*ctors as drought resistance, cold resistance 
and saline and alkaline resistance. 
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4. It should have strong resistance to disease and pest damages. 


5. It should be easily propagated in large quantities. 


6. It should have the required characteristics, such as height and 








dwarfism. 
Types of Scions of Major Fruit Trees 

Type of 

kh een Type of scion trees 

Apple Shandingzi, Liaoshanjingzi, Haitangguo [fruiting Pirus 
spectabilis], Hubeihaitang, Xifuhaitang, Sanyehaitang, 
Henanhaitang, homograft. 

Pear Tuli, Shali, Douli, Heli, Quizili, Mali, homograft. 

Peach Shantao, Maotao, and plun. 

Cherry Zhongguoyingtao, Qingfuying, Mahaliyingtao, Tianyingtao 
[sweet cherry], Maoyingtao, Suanyingtao [sour cherry]. 

Persimmon Junchiansi, homograft, Youshi. 

Walnut Hetaoqiu, homograft. 

Chestnut Homograft, Oaktree, Maoli, Chiuli. 

Jujube Suanzao, homograft. 

Almond Liaoxing, plum, peach, prune, homograft. 

Plum Peach, Maoshan, almond, prune, cherry, homograft. 


Sweet orange 


Loquat 





Jiku, Suancheng, Suanju, Sijiju, Yichangcheng, Xiangcheng, 
Sichuangan, grapefruit. 
Homograft, Shinan [Rhododendron matternichii, S. et Z.] 





VI. Budding Technique 


At the point 0.5 cm above the point to be grafted, a horizontal cut should 
be made, deep enough to reach the xylem; a diagonal cut should be made from 
the point 1-1.5 cm below the bud, forcefully toward the bud to slice it 


off. 


After the bud has been prepared, a “T" shaped cut should be made on 


the stock, about 5-7 cm from the ground surface; the bark of the stock 
should be peeled open to allow the bud to be inserted before a strip of 


cloth is used to fasten the graft tightly together. 


If the bud changes 


color in 7-10 days and the petiole falls with a light touch, the graft is 


a success. 


VII. Management of Saplings 


1. Management of Naturally Grown Saplings 


(1) Transplanting: 


It is best to be performed early. With Tuli, 


Quizili and Shandingzi transplanting may be carried out when the seedling 


has 4-5 true leaves. 


Large seedlings should be transplanted with a ball 
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of soil; small seedlings should not. When seeds are planted evenly in the 
seed bed, transplanting is not necessary. 


(2) Decarpelling: Decarpelling should generally be carried out when the 
growth of the seedling begins to slow down, or when it reaches a certain 
height. 


(3) Debudding: As early as possible, all buds or secondary shoots on the 
stalk on the naturally grown sapling from the base to within 10 cm from 
the ground surface; on the grafted stock, after budding, one, and only 
one, new healthy shoot should be retained, and all the other shoots should 
be removed as early as possible. 


2. Management of Grafted Saplings and Self-rooted Saplings 


(1) Pruning stock: After the bud graft survives the operation, the tip 
of the stock above the “T" slit which had been made for receiving the 
graft should be trimmed off before the sap in the tree begins to move 
when the spring arrives. The cut should slant slightly toward the side 
opposite to the grafted bud. 


(2) Staking: If the sapling that has been grafted once does not grow 
straight, or if the local spring wind is strong, support should be used 
to stake the sapling before lignification of the new sapling occurs. 


(3) Clearing: All ineffective buds and secondary shoots should be 
pruned as soon as possible. 


VIII. Removal of Saplings From Nursery 


1. Digging Saplings: According to the labor and safety requirements for 
planting the saplings, the saplings should be dug in the fall or the 
spring. Attention should be given not to harm the root system when the 
saplings are dug up. 


2. Temporary Planting: In the north, a trench, 60-100 cm in depth should 
be dug for planting the deciduous fruit trees temporarily; in the south, 
the trench should be 40-60 cm in depth. The length and the width of the 
trench may be determined according to the convenience of the work proce- 
dure. For the evergreens, the trench should be deeper. During temporary 
planting, moist sand or loose soil should be used to cover the root sys- 
tems securely. The saplings should be labeled to record the variety and 
the quantity to prevent any mix-up. 


3. Packaging: For long distance transport, the roots of the saplings are 
not packed with soil, instead, damp hydrophytes, moss, or sawdust are 

used to pack the saplings in straw or grass sacks. The package should be 
secured with rope. For short distance transport, packaging is not neces- 
sary, but the roots should be kept moist. 
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4. Sapling Requirements: 


(1) Grafted saplings should be tightly healed. The stump of the scion 
should be trimmed, and well healed. 


(2) For such deciduous fruit trees as apples and pears, the main root 
should measure 17-20 cm. For such evergreens as citron, the main root 
should measure more than 15 cm, and there should be 3-5 side roots meas- 
uring about 15 cm. The distribution of the roots should be even and 
there should be many fibrous roots. 


(3) Straight stems: In case of apples and pears, the buds within 50-70 cm 
should be full. in case of oranges, the main stem located 8 cm above the 
graft should be 1 cm in diameter, and there should be branches between the 
50-60 cm area. 


(4) There should be no disease or pest damage. 


(5) Disinfecting saplings: After the saplings are washed with 4-5° (Baume 
scale) lime-sulfur mixture and soaked for 10-20 minutes, they should be 
rinsed with clear water; or a 0.81 percent Bordeaux mixture may be used 
for soaking 10-20 minutes before rinsing with clear water. 


Arrangement of Polliniferous Trees and Density for Planting Major Fruit 
Trees 


1. Requirements of Polliniferous Trees 


l. They should be arranged in accordance with the local environmental 
conditions and for the convenience of cultivation and management. 


2. There should be plenty of pollen to meet the needs of the major 
variety, and there should be mutually complementary conditions for cross 
pollination. 


3. The polliniferous trees should be in keeping with the timing of the 
major variety. They should bloom at the same time or 1-2 days earlier, 
and the fruiting age should coincide. 


4. They showld belong to a high yielding and good fruit quality variety. 
ll. Ways of Arranging Polliniferous Trees 


Ways of arranging the polliniferous trees are determined by the three 
aspects of: convenience for poilen scattering by bees or the wind, the 
economical value of the polliniferous trees, and the production quota of 
the orchard. 


The concrete arrangement of the polliniferous trees is as follows: 
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l. Plant four rows of polliniferous trees for every four rows of trees 
of the major variety; 


2. Plant one row of polliniferous trees for every 2-3 rows of trees of 


the major variety; 


3 


- Plant two rows of polliniferous trees for every 4-5 rows of trees of 
the major variety; 


4. In every third row, the third tree is a polliniferous tree; i.e., 
the central tree of every nine trees is a polliniferous tree. 


Ill. Commonly Used Polliniferous Trees of Different Kind:. of Fruit Trees 


1. Suwitable Polliniferous Trees for Majwr Apple Varieties 





Major variety 


Polliniferous trees 





Huangkui 
Fuhuabi 
Zhu 
Huangjiao 


Hongjiao 
Hongxing 
Yuxia 

Yindu 
Qingxiangjiao 


Dashanhu 
Guoguang 


Yingqiu 





Hongkui 

Yindu, Xu, Zhu, Huangjiao 

Hongyu, Hongjiao, Huangjiao, Wojin, Yindu, Culyu 
Yindu, Hongjiao, Hongyu, Hongxing, Zhu, Qingxiangjiao, 
Wojin 

Qingxiangjiao, Huangjiao, Hongyu, Zaoshengxue 
Huangjiao, Jiguan, Zaoshengxue, Hongyu 

Yindu, Zhu, Hongjiao, Huangjiao, Hongyu, Wojin 
Zhu, Zaoshengxu, Culyu, Hongyu 

Hongjiao, Zhu, Yindu, Guoguang, Xojin, Hongxing, 
Huangiiao, Jiguan 

Wojin, Xinhongyu, Xu 

Qingxiangjiao, Huangjiao, Yindu, Hongyu, Jiguan, 
Daguoguang 

Yindu, Zhu 





2. Suitable Polliniferous Trees for Major Pear Varieties 





Major variety 


Polliniferous trees 





Jingbai Pear 
Ya Pear 


Ci Pear 
En Pear 
You Pear 








Zhuangyuan Pear, Ya Pear, Mi Pear 

Ci Pear, Xuehua Pear, Jingbai Pear, Xiangshui Pear, 
Tang Pear 

Ya Pear, Xiangshui Pear, Qiubaili 

Daaocaco Pear, Qiubai Pear, Chi Pear 

Ben Pear 


743 





Table (Continued) 





Major variety 


Polliniferous trees 





Chaengba Pear 


Dongguo Pear 
Ershiji 
Ba Pear 
Mi Pear 





Qiubai Pear, En Pear, Gugen Pear, Shuijinping Pear, 
Xiangshui Pear, Yuan Pear 

Sumu Pear, Changba Pear 

Ci Pear, Ya Pear, Dabai Pear 

Ya Pear, Nianshiji Pear, Mi Pear 

Ya Pear, Jingbai Pear 





3. Suitable Polliniferous Trees for Major Pea: Varieties 





Major variety 


Polliniferous trees 





wuyue xian 


Kuzaosheng 
Gangshanbai 


Wanhuangjin 


Kuitao 
Gangshan No ll 
Tucang 


Gangshan No 500 
Lihe [Freestone] 


Da jiubao 

Hang zhoushuimi 
Aerbate 
Zaoshengshuint 
Tianshon,,zaosheng 
Xtaclin 

Fantao 


—_— — —_——_— ——=— - 


Lihe, Gangshanbai No 500, Sahuahongfantao, 
Hangzhoushuimi, Dajiubao, Tucang, Xiaolin 
Dajiubao, Lihe 
Tucang, Chuanshilang, Dajiubao, Gangshan No 500, 
Lihe 

Lihe, Gangshan No 500, Sahuahongfantao, 
Mangzhoushuimi, Dajiubao 
Chuanshilang, Lihe, Gangshan No 500, Dajiubao 
Xiaolin, Lihe, Gangshan No 500 
Lihe, Gangshan No 500, Sshuahongfantao, Hangzhou- 
shuimt 

Lihe, Tucang, Tajiubao, Hangzhoushuiai 

Gangshan No 500, Sahuahongfantao, Dajiubao, Tucang, 
Hangzhoushuiai 

Gangshan No 500, Lihe 

GCangshan No 500, Lihe, Dajiubao 

huenebileng, Wuyvexian, Gangshanbai 

Deatiubac, Lihe 

Gangshan No 500, Dajiubao 
Wuvuextean, Tuceang, Chuanshilang 
Riantao 





| Wevuextan, 





—  _— ——— — — 





_— - -_——— 








IV. Densicy for Planting Major Fruit Trees 





















































Type of fruit Terrain and soil Number of trees 
tree per su 
Apple Flat and fertile land 12-16 
Ordinary slope 17-25 
Sandy swap 25-40 
Pear Flat and fertile land 12-16 
Sandy land and mountain land 20-30 
Peach Flat land 22-30 
Mountain land 30-55 
Almond Flat land 20-25 
Mountain land 30-50 
Plums Flat land 25-30 
Mountain land 30-50 
Citrus fruit Rice paddies: Guangdong 100-150 
Zhejiang 45-60 
Hilly mountain land: Guangdong 60-80 
Fujian 40-60 
Zhejiang 40-60 
Central China, 
Southwest and 
Guangxi 40-70 
Gradual slope and 
flat laad: Pujian 40-60 
Central China, South- 
west and Guangxi 20-40 
Ranana 100-200 
Pineapple 1, 500-2 , 500 
Longan Flat fertile land 12-18 
Lichee Mountain land 18-25 
Jujube 16-35 
Pers immon Flat land 15-25 
Mountain land 25-30 
Grape 70-169 (arbor 
culture) 
110-250 (trellis 
Walnut Terraced field 7-10 
Hills 
Chinese Slopes 15-19 
chestnut 
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Cultivation and Management 
I. Soil Management 
1. Wind Prevention and Sand Stabilization 


Generally, orchards, especially orchards on sandy land, should have wind 
protection forests co stabilize the sand and improve the micro-climate 
cf the orchard, to reduce cold waves, vind storms, and erosion of soil. 
The wind protection forest should have a combination of tall and short 
tree species, and on the windward side, the forest belt should be wi”er. 
Orchards on sandy land that sre severely eroded should be coveres with 
soil yearly to hold down the sand. That is to say, a layer of good soil 
should be added under the fruit trees to prevent wind erosion. This 
method can also improve the soil and revitalize the growth of the trees. 


2. Deep Plowing of Soil 


The purpose of deep plowing the soil in orchards is to loosen up the soil, 
to add to the thickness of the soil layer, to improve the soil's ability 
to preserve fertility and moisture, to strengthen the activity of soil 
microorganisms, to increase the soil's effective nutrients, and to bene- 
fit the growth of the fruit trees. Deep plowing should be performed in 
late fall or in the winter; for orange groves, it may be carried out dur- 
ing the harvest. The method of deep plowing should be determined by the 
actual concitions. Besides the method of using an animal or a machive 
powered plow for deep turning, the trenching method may also be adopted. 
If the young trees are planted in large holes, a trench 70 cm in width, 
50-100 cm in depth may be dug just outside the large hole each year. In 
the trench, organic fertilizer or fertile topsoil may be applied. In 
this manner, the hole is extended every year as the trench is dug and the 
fertilizer applied, until the tree matures and the space in betweer the 
trees is closed. Within the planting hole, especially surrounding the 
tree trunk, hoeing should be light to avoid injuring too many roots. in 
that case the growth of the tree may be affected. After plowing and hoe - 
ing, the ground should be timely raked to preserve moisture. During the 
growing erason, there should bv intermediate cultivations to remove weeds, 
to loosen the soil, to keep the orchard c‘ean, and to create good condi- 
tion: for the growth of the root system of the fruit trees. 


1. Fertilizer Applicat t 


The basic fertilizer is penerally appited just before or after the leaves 
fall in late autumn, or in early coring before budding when the ground is 
deep plowec. It is better to be applied in the fall, however. Fali 
application of fertilizer wil! tncrease the nutrition of the tree in the 
Same vear and is {favorable lor the healing of broken roots and hastening 
the recovery of growth. The basic fertilizer should be mainly compost, 
barnyard manure, or similar organic fertilizer. if conditions permit, 
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green fertilizer may be intercropped and turned over to form the basic 
fertilizer. Organic fertilizer will improve the soil structure and its 
effect is long lasting providing for the needs of the entire growing 
season, or the needs of the fruit trees to grow and fruit for 1-2 years. 
Therefore, the basic fertilizer may be applied every other year. When 
the basic fertilizer is applied, some phosphorus mineral powder or 
calcium phosphate should be mixed in for better results in yield increase. 
The quality of the fruit may be improved as well. The timing and quantity 
of subsequent fertilizer applications should be determined by the condi- 
tions of growth and fruiting of the trees. For young trees, an applica- 
tion of 0.3-0.5 catty of ammonium sulfate or 30-40 catties of diluted 
night soil per tree, every 10 days or so, may promote the growth of new 
shoots. For fruiting trees, follow-up fertilizer applications before 
blooming and during the fruiting stage, depending upon the condition of 
growth of the trees and the quantity of fruits, are favorable for pro- 
tecting and strengthening the fruits and for the formation of flower buds. 
The surface of the leaves of fruit trees has the function of absorbing a 
small amount of moisture and nutrients. For the purpose of preventing 

a deficiency of trace elements in the trees and of protecting the flowers 
and fruit, a spray of 1 percent calcium phosphate, or 0.2 percent boric 
ac... aid 0.5 percent of urea may be applied. Fertilizer spraying should 
be carried out on clear days just before dusk, it may also be combined 
with agricultural chemicals. 


4. Irrigation and Drainage 


In order that the orchard will not be affected by drought or flood, if 
water is available, irrigation and drainage channels should be constructed 
in the orchard so that water may be irrigated during a drought, and 
drained during a flood to satisfy the needs for growth of the fruit trees. 
If water is not available, drought prevention measures should be adopted. 
Before the dry season, after plowing, green fertilizer, stubble and grass 
should be used to cover the planting hole under the tree (for apple trees, 
the mulch should be placed 20 cm away from the tree trunk, otherwise, the 
roots may easily become diseased). The mulch should be 10-15 cm thick, 
and broken pieces of soil should be laid above the mulch to improve the 
drought protection effect. In the autumn, the mulch snould be applied in 
the fertilizer applying trench as a basic fertilizer. 


5. Companion Cropping 


For the purpose of maximum utilization of land, before the fruit trees are 
mature and the spaces in between the trees are closed, reasonable companion 
cropping may be carried out as the way to increase the yield of grains and 
other crops. In areas without irrigation, the companion crops are mainly 
potatoes, beans, peanuts, and green fertilizers. In areas with irriga- 
tion, wheat, millet, and cotton may be plucted. In a word, the companion 
crops of an orchard are better if short stalk plants are used so that the 
contradiction of fertilizer, water, and light needs of the fruit trees and 
the companion crop plants may be resolved. 
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6. Freeze Preventive Measures in the Winter 


The weed of the fruit trees for freeze preventive measures is determined 
by the type of fruit trees and the local weather conditions. The freeze 
preventive measures generally include: (1) Painting with lime paste to 
protect the tree from the cold; (2) straw may be used to wrap the trunk 
and major branches; (3) covering with soil and mu'chine the stems: For 
example, in the northern areas of Sinkiang, corn stubble is used to cover 
the grape-type apples, peaches, and grapes before further sealing with 
fine soil. Attention should be given to keeping the roots from being 
exposed to prevent freeze damage. The stubble and the soil cover should 
be timely removed after the danger of freeze is over. 


Il. Training and Pruning 
l. Principle and Method of Training 


(1) Preserving the balance between the major and minor parts: The 
central trunk should be stronger than the main branches; the main branches 
should be stronger than the secondary branches; the secondary branches 
should be stronger than the side branches. The major technique is as 
follows: 


(a) Changing the angle of the branch: The excessively strong branches 
should have its angle enlarged artificially. For example, after cutting, 
the second bud below the cut should be retained in the desired direction. 
in the next year, the first tud branch should be pruned while retaining 
the second or the next one lower in position to obtain a branch in the 
suitable direction. Large branches of excessively vigorous growth may 

be selectively retained. Those with branches of desirable directions 

and suitable for substituting for those branches that are extending 
frontward, may be preserved. The branches above those to be preserved 
should be pruned. When a branch is growing overly weak, only the upward 
growing buds and vigorous small branches should be retained selectively. 


(b) All strong branches should be heavily pruned to become short 
branches; cutting off one-half or two-thirds. The weak branches are 
trimmed off one-third only to preserve them as long branches. 


(c) The central trunk or lead branch may be replaced. If the central 
lead or ma‘or side branch is either too vigorous or too weak, other 


branches may be selected to replace them. 


(d) Attention must be given to corine in the summer. 


(2) Pruning should follow the habit of the fruit tree. It must be car- 
ried out in a mannrr suitable for such characteristics as polarity, 
Stratitication, bruaach angle, hardness of stem and branches, arrangement 


of leaf-buds, branch forming and budding ability. 








(a) With such fruit trees as gingko, walnut, persimmon, pear, and apple 
that have the characteristics of strong trunk, straight standing, obvious 
stratification, high location of superior buds, and obvious relationship 
of major and side branches, the pruning should be carried out in accord- 
ance with the layering characteristic of the trunk or the layering 
characteristic of several leading branches. 


(b) With such fruit trees as the oranges and cherries that have the 
characteristics of strong branching ability, low position of leaf-buds, 
and no obvious stratification, the method of clustering, or rounding up 
several branches together should be adopted for pruning. 


(c) With such fruit trees as the peach, the plums and prunes that are 
phototropic, fast growing, short lived and have a strong branching abil- 
ity, the method of opening up the main branches, clustering, or natural 
opening should be adopted for pruning. 


(3) The distance between the major branches and the trunk: It is usually 
better to maintain an angle of 45-50° between the major branches and the 
trunk. 


(4) Height of the trunk: It is better to be 50-70 cm. 


(5) Pruning and training: Prune the tree according to its natural shape, 
and prune each branch accc rdingly. 


2. Method of Pruning 
(1) Winter Pruning: 
There are the two major methods for thinning and shortening, according to 
the principle of “long term planning,” prune on the basis of the need of 
each tree, distinguish the nature of each species, balance the growth of 
the tree, and achieve a three-dimensional effect. 
(a) The degree of pruning may be classified into the following: 
Heavy pruning: Cutting off 1/2-2/3 of tne new shoots; 
Medium pruning: Cutting off 1/3 of the new shoots; 
Light pruning: Cutting off 1/4 of the new shoots. 
(b) The degree of thinning may be classified into the following: 
Heavy thinning: Not exceeding 50 percent of all branches; 
Medium thinning: Not exceeding 10-20 percent of all branches; 
Light thinning: Not exceeding 10 percent of all branches. 


The degree of pruning is determined by such factors as the age of the fruit 
tree, the species, the specific characteristics, the local climate, the 
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nature of the soil, the terrain, and the cultivation system. Young trees 
may be more heavily pruned, primarily shortened, so as to form a good 
shape. When the shape of the tree is basically stabilized, clipping 
should be light so that the tree will fruit early. During the prime 
fruiting period, pruning is primarily for thinning, and shortening is 
only secondary. On the one hand, the fruit branches are in need of 
strengthening; on the other hand, thinning will also stimulate the growth 
of branches. During the old age of the fruit tree, pruning should be 
heavy, and should primarily be for shortening, for the purpose of renewal 
and revitalization. 


Peach and persimmon have a strong revival action; they should be heavily 
pruned. Oranges and loquat are weak in revival; they should be lightly 
pruned. 


(2) Summer Pruning: 


(a) Coring to remove buds: With peach and grape, coring to remove 
[superfluous] buds can cause the flower buds to be fuller and the yield 
to increase. 


(b) Ring-shaped debarking: This operation may prevent nutrients from 
being transferred below the ring so that the upper branches may accumu- 
late nutrients. It is favorable for the formation of flower buds, but 
it should be carried out in connection with increased application of 
fertilizer and water, otherwise the growth of the tree will be weakened. 
(c) Wounding: Before budding in early spring, cuts may be made in the 
upper part of buds or branches to promote the evolvement of buds and 
growth of branches. if cuts are made in the lower part of the buds or 
branches, the budding and branch growth will be suppressed. 


Harvesting and Storage of Fruit 
I. Harvesting 


fhe technique of harvesting depends upon a mastery of the maturing stage. 
lf fruits are gathered too early, they will not be ripe. The quality 


will be poor and the yield low. If the fruits are gathered too late, a 
large quantity will have fallen and the loss will be great. At the same 
time, the nutrients withis the body of the tree would have been consumed 


in 4 greater quantity |than necessary] and this is not favorable for the 
formation of flower buds and overwintering. The signs of timely harvest 


ire as follows: The skin ol Ch rui. should be of the color of that 
species, with briliiane raycance; the seeds should have turned 
brown im color; the truit stew and the fruit brane’: are easily separated. 
Harvesting on rainy days shoule be avoided. If there are strong winds, 


ripened and easily faliing fruit should be harvested in a hurry, includ- 
ing those trults that are in the direction of the wind, in order to 








reduce winc damage losses. For pears and apples, gathering should be 
carried out from the bottom upward and from outside inward. After 
gathering, the fruits should be lightly placed in baskets, and they 

should not hit one another. For dry fruits such as chestnuts ard walnuts, 
a wooden stick may be used to beat the branches causing the frucits to fall 
onto the ground, but the ground should be leveled and weeded, so that the 
fruits may be picked up and not lost. 


Il. Grading and Packaging 


Fruit should be graded as soon as it is harvested. Those to be shipped 
outside of the area should be graded according to the regulations and 
packed in separate grades. Grass or burlap should be used to line the 
boxes and to pack the fruits in layers. Fruit stems should be separated 
and the fruit should be spaced closely together. A layer of soft grass 
should be used to cover the fruit before the box is covered and ropes or 
wires are used to fasten and seal it. 


III. Storage 


There are many methods for storing fruit, but they may be divided mainly 
into the two types of semi-underground caves and room storage. Larger 
quantities of fruits are mostly stored in semi-underground vaults. The 
technique is as follows: 


l. Selection and Precooling of Fruits for Storage 


In preparation for storage, the selection of pears and apples should be 
strict. Disease and pest damaged fruit, and squeeze-wounded and impact- 
bruised fruit bruised from squeezing or impact should all be removed. 

The fruit should be graded as it is selected, and fruit from each grade 
should ve precooled before it is placed in the storage room. There are 
two commonly used methods for precooling. One is the bin storage method: 
The fruit is placed in layers in the bin. Thin-skinned fruit and the 
fine-meat varieties should be in bins no more than 50 cm in height. A 
height more than this wiil easily cause compression injuries which reduce 
the quality of the fruit. For tough-skinned fruit and fruit of harder 
meat, the height of the bin may reach above 1 m. The other method is 

to place the fruit in baskets. The precooling is done in shaded and 
ventilated areas. It is done mostly in the space in between rows of 
fruit trees and depends on the trees to provide the needed shade for 
precooling. 


2. Construction of Dirt Vault 


it is best for the dirt vault to be cunstructed in an area that is dry 
and ventilated. The vault may take many shapes. Generaily, the under- 
ground portion is about 2 m in depth, while the roof of the vault is 
60-80 cm above the ground surface. The width of the vault should be 
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3-4 m while the length is determined by the quantity of fruit to be 
stored. The roof of the vault is generally covered with a 30-50 cm thick 
layer of dirt. The dirt layer may be thicker if the temperature mainte- 
nance is not satisfactory in the winter. There should be a ventilating 
window on the roof. The size and the number of windows may be deter- 
mined by the location. The window or windows should be larger in the 
leeside; the window or windows on the wind side may be smaller. The 
window is generally °O cm in width and about 1 min length. There should 
be one wincow every 1-1.5 m on the roof. The location, the size, and the 
quantity of the windows should also be such that the four corners of the 
vault are lighted. In a vault, {f the four corners are not dark, the 
ventilation will be good. 


3. Storing Fruit in the Vault 


in order to increase the storage capacity of the vault and reduce injury 
to the fruit, the fruit may be packed in baskets or boxes, covered, and 
tightly sezled. The floor of the vault should be cushioned with a layer 
of sand about 3 cm thick. Under the baskets, there should be a layer of 
stubble, about 10-15 cm in thickness, to facilitate air circulation. The 
baskets may be piled up on top one another reaching 4-5 layers. Based 
upon the width of the vault, 3-4 rows of baskets may be placed with a 
passageway in the center. After the fruits have been stored in the 
vault, the management consists primarily of controlling the .emperature. 
In the early stage, attention should be given to the prevention of 
excessively high temperatures. Generally the ventilation holes are not 
sealed, anc the windows are kept open day and night to increase the air 
circulation. When the weather is gradually cooler, attention should be 
given to freeze prevention. During the severely cold season, the windows 
should be closed all the time except for clear and caim days when the 
windows may be opened for a moment to bring in fresh air. The tempera- 
ture in pear and apple vaults should be 0-5°C, with a suitable relative 
humidity of 85-95 percent. To store oranges, the temperature in the 
vault should be 13-15°C, with a relative humidity of 90-95 percent. If 


the temperature is too low, the layer of the dirt on the roof of the 
vault may be made thicker. in the spring, when the temperature becomes 
warmer, actention should be given to adjusting the temperature in the 
vault to prevent it from becoming too high, otherwise a large quantity 
ff rotten fruit may resuit. During the storage pertod, there should be 


spot inspections. After srrine, ¢ fruit should be removed to prevent 
contamination of the rem ite 








Principal Diseases and Insect Pests of Fruit Trees and Their Treatment 
and Control 


I. Insect Pests 
1. Small Apple Corewors: [Grapholitha inopinata Hein. ] 


Principle of Occurrence: There are 1-2 generatiuns per year and it over- 
winters in the soil in round, flat cocoons of the mature larvae. The 
larvae metamorphose in the crevices in the soil around the roots [of the 
fruit trees]. Emergence begins in early June; the peak stage is from the 
middle of June to early July, and from the middle of August to late 
August. The peak of oviposition is from late June to late July and from 
early August to early September. From the middle of August to late 
September, the larvae leave the fruit and most of them emerge to form 
cocoons and continue to damage the fruit; a small number begin over- 
wintering in the soil. 


Characteristics of Damage: This is a pest of fruits with kernels. The 
eggs are deposited in the indentation of the fruit. One to 2 days after 
the larva enters the core of the fruit, a small hole is formed, and 
fluid, in the form of water dreps, will flow out of the hole. The larva 
feeds in all directions insid< the fruit. The fruit will be deformed, 
and the meat will deteriorat«:. 


Method of Prevention and Conirs:: 


(1) Place a layer of sand on the ground where fruit is to be piled, and 
dig a trench all around that piece of ground; afterwards, exterminate all 
overwintering cocoons in the sand and the trench. 


(2) Eliminate the pest damaged fruit, the weeds and the stones to pre- 
vent in a timely manner the larvae from hiding in them and from emerging 
from the fruit. 


(3) Loosen the soil around the roots of the trees, and pile bricks and 
stones on the soil; tie straw bundles on the base of the tree trunk for 
catching the larvae and cocoons. 


(4) During the oviposition period, 50 percent 1605, diluted 3,000 times 
may be sprayed; during the larva stage, 25 percent DDT diluted 250 times, 
or 50 percent wettable DDT, 200 dilution suspension may be sprayed. 


(5) In an area 1 m in radius from the trunk of every tree, 25 g of 
6 percent BHC powder or 50 g of 3 percent BHC powder should be spread to 
kill the larvae when they come out of the soil. 
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2. Northeast Apple Small Coreworm 


Principle of Occurrence: There are two generations each year. The 
mature larvae overwinter as cocoons in crevices of the tree, the bark, or 
the stakes. The first generation imagoes have a peak season in early and 
middle June; the peak of the second generation is from late July to late 
August. The peak of the tirst oviposition stage is in the middle to late 
June, and the peak of the second is from late July to late August. The 
first generation larvae begin to leave the fruit in early to middle July, 
and the larvae of the second geaeration form cocoons immediately after 
they leave the fruit to overwinter. 


Characteristics of Damage: After the larvae are hatched, they drill into 
the thin layer at the base of the fruit and spread in all directions to 
damage the meat. When che fruit is small, the drill hole has a red ring 
around it. The scar of the in! ial damage becomes a dry crack or dent, 
and the surface of the fruit bi comes deformed near the damaged areas. 
insect teces accumulate on the scar, and a portion of the feces is 
retained inside of the scar. 


Method of Prevention and Control: 

(1) Scrape off rough or dead bark and burn it. 

(2) Clean out dead branches and fallen leaves in the orchard, remove all 
weeds, and sweep the area on which fruit has been piled to exterminate 


overwintering Larvae. 


(3) Tie gunny scaks or ropes on the tree trunk or side branches to bait 
and kill larvae when they come out of the fruit. 


(4) Insect damaged fruit should be timely buried or burned when they fall 
to the ground. 


asures for miscellaneous fruit trees in 
e anc Shandingzi should be emphasized. 


(5) Disease and pest controi 


me 
the orchard, such as cheriy-appi 


(6) Chemicals should be tim _y used ior prevention and control. A 3,000 


parts dilution of 1695 may be sprayed to kill eggs; 25 percent DDI emul- 
sion or 50 percent jul i, 209 parts dilution may be sprayed to kill 
larvae. 

3. Apple brown Leaf Soller Moth |Pandemis heparana Schiff. | 

Principle of Occurrence. » generations each year. it over 
winters as a larva. inh ‘emneration imagces occur from early June 
to late July. The peak ovipoo cion is early and middle July, lasting 

7-8 days. The peak hatching stage is in the middle to late July. The 


second generation imagoes appear [rom early August to late September, 
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with a peak oviposition stage in late September. The hatched larvae 
continue to do damage until early or middle October before overwintering. 


Characteristics of Damage: The larvae damag* mostly the interior of the 
crown of the tree, leaves of the top branches, and the fruit. In early 

to middle June, they make two pieces of leaves stick together, and when 

the leaves are damaged, a notch or holes will be formed. The surface of 
the fruit will have irregular patches of dents. 


Methods of Prevention and Control: 


(1) In the spring, old bark in which larvae have overwintered should be 
scraped off, and the rope tied onto the tree should be burned. 


(2) The blooming stage is the first period of larvae damage. That is 
the time to spray 50 percent soluble DDT in 200 parts dilution, or 25 
percent DDT emulsion in 200-250 parts dilution. 


(3) After the blooming stage, the larvae should be manually caught *«*" 
killed. 


(4) In early spring, when the larvae begin to be active and in the 
middi: to late July when the peak larvee hatching period is reached, a 
2,000-2,500 parts dilution of 50 percent 1605 should be sprayed. 


(5) Jars of vinegar should be hung up to attract imagoes during the 
period of their emergence. 


4. Apple Tip Leaf Roller Moth 


Principle of Occurrence: In North China and Liaoning, there are two 
generations each year; in Henan, Jiangsu and Anhui, three generations 
each year. In the north, it overwinters in the form of 2-3 stage larvae, 
which emerge in the end of May to early June. During the peak of emerg- 
ence in late June, eggs are deposited on the dorsal side of the leaves. 
The second generation imagoes appear in late July to the middle of 
August, and the second generation larvae overwinter in cocoons on the 

tip of tree branches. 


Characteristics of Damage: In late April, the larvae inflict damage to 
the leaves of new shoots, sometimes, they eat off the growth point. The 
first and the second generation larvae roll up the tender leaves and 

eat them. 

Method of Prevention and Control: 

(1) Trim off damaged shoots thoroughly, gather them and burn then. 

(2) In early to middle May, catch the larvae in the rolled up leaves 


manually and kill them. 
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(3) During the peak oviposition stage of the imagoes, spray DDT in the 
orchard and the seedbed; during the peak hatching period, spray 1,000 
part dilution of DDVP. 


(4) Im the seedbed, aside from spraying the above chemicals, manual 
search and kill operation should also be carried out during the month 
of July. 


c 


». Apple beetle [Agrilus mali Matsumara] 


Principle of Occurrence: There is one generation per year. The larvae 
overwinter im the bark layer. The worst damage occurs in April and May. 
Before the middle of June, the mature larvae drill into the xylem to 
turn into pupae, and in July and August they emerge into imagoes. ihey 
are phototropic, and are active and mate on clear days. The eggs are 
deposited on branches, and after the larvae are hatched they submerge 
into the bark surface to overwinter in November. 


Characteristics of Damage: Beginning in late March, they eat away in the 
bark to do damage. The damaged bark becomes sticky and dies; it turus 
black-brown in color with amber-colored gum spots. The imagoes damage 
the leaves. 

Method of Prevention and Control: 

(1) Before the overwintering larvae begin to inflict damage in early 
spring, a 0.2-0.3 percent BHC kerosene solution should be used to paint 
the affected parts of the bark to kill the overwintering larvae. 

(2) Before the occurrence of imagoes, spray DDT twice. 


(3) Carry out disinfecting work well to protect new orchards. 


6. Apple Ked Spider [Panonyclus ulmi Koch. | 


Principle of Occurrence: There are about seven generations each year. 
it overwit.ters in the torn eags. The eges hatch in the end of April 
to early May. In the mitdle to late May, a large quantity of imagoes 
appear. The peak of .maso appearance is in the middle of July to early 
August, but in early t ere are still a large quantity, of 
imagoes, which deposit , » tt ruit stems and secondary branches 


to overwinter. 


Characteristics of Demag t dawaewee the dorsal part of the leaves 
causing thes to have pr te epete. When the damage is severe, 
the leaves turn a pale grav to pele ereen color. 








Method of Prevention and Control: 
(1) Before budding, spray 6 percent anthracene oil emulsion. 


(2) Before blooming, spray 0.5° (Baume) lime-sulfur mixture or 2,000- 
2,500 parts dilution of 1059. 


(3) Before the peak season of early July, spray 2,000-2,500 parts dilu- 
tion of 1059, or spray 3,000 parts dilution of 1605 for joint control of 
peach small corevworms. 


(4) Im early October, when the imagoes deposit overwinter eggs, spray 
0.5° (Baume) lime-sulfur mixture to reduce the incidence in the follow- 
ing year. 


7. Pear Large Coreworm [Nephopteryx pyrivorella Mats. } 


Principle of Occurrence: The second generation larvae invade the flower 
buds or leaf buds to overwinter. When the pear tree develops buds, they 
crawl to the base of the flower bud and later move into the young fruit. 
When the larvae are mature, they crawl out of the fruit stem to spin and 
metamorphose. 


Characteristics of Damage: It damages the flower buds and the leaf buds, 
causing the glumes to open up and to appear withered and dying. They eat 
the fruit stem, damaging the young fruit, and they spin, causing the glumes 
and the young fruit to stick together instead of falling. The young fruit 
turns black in color, or becomes rotten. 


Method of Prevention ard Control: 
(1) Remove the affected buds and fruit. 


(2) When the time of a large-scale transfer of the larvae to the buds is 
discovered, spray a 1,000 parts dilution of 1605 once; just before a 
large-scale transfer of the larvae to the fruit, spray a 2,000 parts 
dilution of 1605 again, adding 250 parts dilution of DDT emulsion. 


8. Pear Small Coreworm [Grapholitha molesta Busk. |} 


Principle of Occurrence: There are 3-4 generations each year. The mature 
larvae make cocoons to overwinter in cracks of the bark, the base of the 
trunk, or the roots of the grass. The imagoes deposit eggs on the dorsal 
side of leaves of peach shoots; the larvae damage the peach tree in June- 
July. The imagoes of the second and the third generations deposit eggs 

on the pears, and in late August, a large quantity of larvae appear to 

eat the pears. The mature larvsa leave the fruits to overwinter. 
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Characteristics of Damage: Feces seep out of the worm holes and the area 
surroundin: the worms hole is rotten and turns black in color to form a 
large lumpy bleck scar. The pears that are damaged in the late stage 
have small vorm holes, and the surrounding area is bluish-green in color. 
The larvae go directly into the core of the fruit; they do not eat their 


way there. 
Method of ,reventio und Control: 


(1) The bark of pear trees and late ripening varieties of peach trees 
should be scraped before budding in early spring. 


(2) Beginning in late June for peach trees and the middle of July for 
pear trees, a 3,000 rts dilution of 1605 should be eprayed to bill the 
eggs, or 250 parts ition ef DUT emulsion should be used to kill the 


newly hatc»ed larvae that hawe vet to enter the fruit. 
’. Pear Weevil Beetle |Rhynchites foveipennis Frar. | 


Principle of Occurrence: There is one generation each year. The imagoes 
overwinter in the soli, and appear from April to August. More imagoes 
com out o| the soil after a rain. They deposit eggs in the young fruit 
md the mature larvae leave the fruit to return to the soil. 


Characteristics of Demage: The tmagoes damage the young fruit. Those 
young fruit with eges tn them will fall off. 


Method of Prevention and Control: 


(1) When the imagoes have mede their appearance, especially when a large 
quantity of imagoes leave the soil 1-2 days after a rain, the trees should 
be shaken ear'\y in the morning or at dusk causing the imagoes to fall off 
the trees so they can be caught and killed. 


(2) When the fruit talle of ' the trees, it should be regularly picked up 
be‘ore the larvae leave * fruit The fruit should be smashed or burned 
to kill t'« larvae. 


(3) During the pea pearance, SO percent soluble DDT in a 200 
art Jilution may 

10. Pear Wasp |Hoplocampa ptricola Robhw. | 

Princitole of Occurrence generatios sach year. The mature 
larv. hibernate tn th ition period lusts about 1! 
months. in the spring, vecther ie warmer, they turn into pupae, 
md emerge in iat otembet ’ rf eceur orderly in coacentra 
tion. In the morning and the e rn they are quiet, staying in ti 


center of the flower or at the base of the calyx depositing eggs in the 








calyx tissues. After the larvae enter the fruit to feed, they fall to 
the ground making a cocoon for hiberationa. 


Characteristics of Damage: It damages almond and cherry blossoms early. 
When pears begin to bloom, it deposits eggs in the calyx. The larvae 
feeds at the base of the calyx before eating the young fruit causing it 
to dry out and wither. 


Method of Prevention and Control: During the budding stage, © percent 
wettable BHC in a 200 parte dilution or DDT emuision in a 250 parts dilu- 
tion may be used as a spray. 


ll. Grape Ten-star Leaf Beetle 


Principle of Occurrence: There is one generation each rear. The eggs 
overwinter in the soil in the vicinity of the base of the grape vine. 
They begin to hatch in late May. During the day, the larvae stay quiet 
but become active in the morning and at night. At the end of Ju-" the 
larvae begin to enter the soil to metamorphose into pupae. in July they 
emerge to become imagoes. The imagoes deposit eggs in September and the 
eges overwinter. 


Characteristics of Damage: The imagoes and larvae eat the buds and 
leaves. The damaged leaves have holes. In severe cases, all pulp of the 
leaf is eaten up. 


Method of Prevention and Control: 


(1) The larvae mostly concentrate on the grape leaves near the ground 
surface. When they are discovered, they should be removed with the 
leaves. 


(2) Early in the merning, with a stick and a bamboo tray lined with grass 
and wood ash, the branches should be beaten causing the pests to fall into 
the ash. The larvae and ash should then be buried. 


(3) Spray with 50 percent soluble DDT in a 200 parts dilution. 
12. Grape Root Tuber Aphid [Peritymbia vitiltfolii Fitch) 


Principle of Occurrence: fheir life habit varies with the variety of the 
grape. Mainly, they overwinter as first stage larvae and become active 
and feed in the following year. They are parthenogenetic. Each female 
insect deposits 39-86 eggs. The larva stage lasts 12-18 days; the imago 
Stage 14-26 days. The winged aphids begin to appear as nymphs in early 
July; th. peak is reached from late September t- late October. After the 
winged aphids deposit eggs, the larger eggs hatch to become wirgless 
femalv aphids; the smaller eggs hatch to become wingless male aphids. 
After mating, one winter egg is deposited on 2-3-year-old grape branches. 
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is the following year, it becoms an insect gall, and is called leaf- 
gall type aphid, which may propagate for 7-9 generations. Starting with 
the second generation, a portica of these will gradually return te the 
sell to become root tuber type aphids once again. 


Characteristics of Domage: After the larvae of the root tuber type 
aphids are hatched, they form sickle-shaped root tubers. Larvae of the 
leaf-gall cype aphids damage the leaves to form insect galls. 


Methods of Prevention and Control: 


(1) Disease inspection work should be strengthene): infected areas should 
be designated for strict inspection. 


(2) All cultivation materials should be disinfected: (a) Hot water dis- 
infection: Place in 30-40°C warm water to soak for 5-7 minutes first 
before moving to 50-52°C hot water to soak for 7 minutes. (b) BHC suspen- 
sion or BHC emulsion disinfection: The ratic tor mixing 8HC suspension is: 
2 catties of 12 percent GHC powder, 4 catties of fine clay soil, and 50 
catties of water. 


(3) Prevention and control of leaf-gall type root tuber aphids: (a) Spray 
about 150 catties of a 250 parts dilution of 6 percent wettable BHC per mu; 
(b) spray 4-5 catties of 1 percent BHC powder per mu; (c) spray 4-5 catties 
of 1 percent 1605 powder per mu. Ti drug spray‘ng must end 1.5-2 months 
betore the grape harvest. 


(4) Carbon disulfide (CS?) should be used to disinfect the soil. 
13. Peach Aphid |Myzus persicae Sulz] 


Principle of Occurrence: There are more than 10 generations each year. 


The eggs overwinter in the bud axa of the shoots of peach, plums and 
prunes, in cracks and in the fork of small branches. They begin to 

hatch in March. Eariv Mav is the peak season. The winged female aphids 
contique to move to tobe co, potato and turnip inflicting damage. By 

Octo of, the winged tem phids are reborn and move back to peach trees 
to produce sexual aphids. After mating, the eggs are pro¢tuced to over- 
winter. 

_maracteristics of Vamag t early stage, they gather on the peach 
buds inflicting damage. Alter the leaves are open, a portion of the wing- 
less females and nymphs eather on the dorsal part of the leaves inflicting 
damage. Yhe damaged le-« sur) end shrink Inte trregular shapes. There 
is also a sticky fluid 
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Method of Prevention and Control: 


(1) In the spring, when the buds begin to emerge, a 200-250 parts dilu- 
tion of 6 percent soluble BHC may be used to s;rayv; or 0.1 percent soap 
may be added. After the completion of flowe.-z there may be one more 
spraying. 


(2) In the autumn, when the winged aphids return to the peach trees, 
the above chemical may be sprayed to kill the imagoes and larvae. 


(3) All the hosts should be treated at once. 
14. Peach Small Leaf Cicada [Chlorita flavescens Fabr. } 


Principle of Occurrence: The imagoes overwinter in weeds and the cracks 
of bark. They begin to be active in April and deposit eggs in the main 
vein of the leaf. In June, the number of imagoes gradually increase to 
reach a peak in August. At the end of October, the imagoes overwinter. 


Characteristics of Damage: In the beginning, small yellowish-white spots 
appear on the leaf surface. In severe cases, the entire leaf turns a pale 
white color, and falls early. They also cause portions of the flower buds 
to open in the fall of the same year affecting the fruiting of the follow- 
ing year. 


Method of Prevention and Control: 


(lL) In the winter, the fallen leaves and weeds in the orchard and the 
surrounding areas should be burned. 


(2) During the peak stage of the first generation larvae, 50 percent DDT 
in a 250-300 parts dilution or a 25 percent DDT emulsion may be sprayed. 


15. Peach Global Hard Shell Bug 


Principle of Occurrence: There is one generation each year. The nymphs 
overwinter on branches. In May the imagoes appear, and deposit a large 
quantity of eggs under a mother shell. In June, the nymphs hatch and 
crawl out of the mother shell to scatter on the smali branches and dorsal 
part of the leaves inflicting damage. In the end of autumn, the nymphs 
secrete a white colored waxy substance and gather together for over- 
wintering. 


Characteristics of Damage: They begin to inflict damage in April, gather- 
ing into colonies and attaching themselves to branches, then sucking 
nutrients and secreting a sticky fluid. The damage is worst in the month 
of May. In severe cases, the branches wither and die. 
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Method of Prevention and Control: 


(1) During the peak of the larvae hatching stage, when their resistance 
is the weakest a 0.3° (Baume) lime-sulfur mixture may be used as a spray. 


(2) In early spring, before budding, when the larvae begin to be active, 
a 5° (Baume) lime-sulfur mixture may be used as a spray. 


(3) When the shell of the larvae is being formed, the shells should be 
brushed ofi manually killing the larvae. 


(4) Protect their natural enemy--black-green red lady beetle [Chilocorus 
rubidus Hope. ]}. 


16. Citrus Decorated Mite [Phyliocoptes ol®ivorus Ashm. | 


Principle of Occurrence: The¥mature imagoes overwinter on leaves or 
branches. When the temperature rises to about 15°C, tiey begin to be 
active and to lay eggs. They cease to develop when the temperature drops 
to below 10°C. In Fujian's Longxi Prefecture they damage the old leaves 
in March; at the beginning of April, they turn to spring shoots; at the 
beginning of May they spread to the surface of the fruit; in September, 
they damage the autumn shoots. They occur in greatest quantity from July 
to September. In Huangyan area of Zhejiang Province, they begin to be 
active in the middle of April, and are most severe from June to September. 


Characteristics of Damage: They damage leaves, fruit, and green-colored 
tender branches. The damaged leaves curl and shrink, and fall in large 
quantities. The surface becomes rough, with brown colored small spots. 
The fruit turns black or reddish-brown color. The yield will be affected. 


Method of Prevention and Control: 
(1) In the winter, spray a 0.2° (Baume) lime-sulfur mixture once. 


(2) In the month of June, the condition of the infestation should be 

inspected once every 5-/ days. When two mites are discovered on each 

leaf, on the average, a 0.2° (Baume) lime-sulfur mixture or 1:400 gum 

sulfon or 1:100 barium suifide should be immediately sprayed. 1605 in 
a 2,500 parts dilution o7 percent dipterex in a 400 parts dilution 

may also be used for sprayli 


17. Citrus Cottony Cushion Scale 


Princtple of Occurrence: Under ciiferent weather conditions, the number 
of generations occurring in each vear is different. In Chaoshan area ot 
Guangdong, it occurs in October, and the larvae are scattered in January 


of the following year. In Huangyan area of Zhejiang, the peak of hatching 
is in early June. The first and second instar larvae mostly gather in the 
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vicinity o. the main vein of the leaf; after the second instar, they move 
to the fruit stem and the branch; the third instar is the peak of activ- 
ity. The female imagoes never stop to eat or hibernate; they continue to 
inflict damage in the winter. The mouth of the male imagoes begins to 
degenerate at the third instar and will stop inflicting damage. They form 
cocoons and metamorphos: into pupae in the scars of the tree trunk, a cave, 
or in the weeds of loose soil in the vicinity. 


Characteristics of Damage: It damages the tree trunk, the branches, and 
the fruit and may cause them to contract sooty disease bringing about a 
weakening of the vigor of the tree, a reduction of yield, or even death. 


Method of Prevention and Control: 


(1) Biological prevention and control: Large red lady beetles [Rodolia 
rufopilosa Mulsant.], black bellied red lady beetles, or Australian lady 
beetles [Rodolia cardinalis Mulsant.] may be captured for the purpose of 
using them to catch and eat citrus cottony cushion scales. 


(2) The following chemicals may be used for prevention and control: 

(a) Pine oil soda mixture: The liquid is a mixture of 6 parts of rosin, 

4 parts of soda, and 20 parts of water, to be diluted before spraying. 

In the spring, use the ratio of 1:10; in the summer, use the ratio of 

1:16. (b) In the spring, dipterex and 1605 may also be used for spraying. 
(c) Cotton oil soap and other chemicals (4 parts of cotton oil soap, 1 part 
of sodium carbonate, 320 parts of water) may be used in the fall. In the 
spring, in areas low and cool, the quantity of cotton oil soap and sodium 
carbonate should be higher. This mixture is not suitable in the summer. 
Another spray mixture made of 2 parts of cotton oil soap, 1 part of 6 per- 
cent soluble BHC powder, and 140 parts of water is also usable. 


(3) Manual capture and extermination. 
(4) Clear away wild host plants. 
18. Citrus Giant Flies [Tetradacus citri Chen] 


Principle of Occurrence: There is one generation each year. It over- 
winters in the soil as pupa. From the end of April to early August the 
following year is the emergence stage. The imagoes are active from late 
April to late September. From the middle of June to early August, the 
eggs are deposited and hatch from late July to late September. In the 
middle and late October, they fall to the ground with the fruit. The 
larvae leave the fruit to enter the ground to metamorphose into pupae 
for overwintering 3-6 cm from the ground surface. 


Characteristics of Damage: Eggs are deposited in the area between the 


nave. and the middle of the fruit. The egg is hatched inside the meat 
of the fruit, and the larva feeds on the juice of the fruit causing the 
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internal tissues to be destroyed and the respiration to increase as well 
so that the fruit rots easily. In some cases, the meat of the fruit is 
all eaten up so that the inside turns to a paste. A layer of separation 
is produced at the peduncle of the fruit causing it to fall. 


Method of Prevention and Control: 


(1) Poisoning and baiting the imagoes: A 150 parts dilution of 6 percent 
BHC, or a 200 parts dilution of 40 percent DDT emulsion, or a 200 parts 
dilution of dipterex may be used for spraying early in the emergence stage. 
The crown of the tree and the ground surface should be sprayed 2-4 times. 
Or, 0.05-0.1 percent dipterex may be mixed with 3 percent syrup for spray- 
ing at the end of May to early June for 3-4 times, every 3-4 days. 


(2) Pick the fruit to kill the maggots: The damaged young fruit may be 
picked early (they may be used to make dry drugs). From the first of 
September to the first of October, the fruit should be picked every 1-2 
days. All damaged fruit should be picked and the larvae killed. 


(3) Winter plowing to kill the pupae: After the fruit harvest, the 
orchard should be lightly plowed to turn the soil once in order to 
increase the fatality rate cf the overwintering pupae. 


(4) The system of joint control and disease inspection should be carried 
out strictly to prevent the pests from spreading. 


19. Citrus Leaf Bug 


Principle of Occurrence: In Huangyan Prefecture of Zhejiang there are 
three generations each year. The first generation larvae appear in late 
April to middle May. ‘na the southern part of Fujian, there are four 
generations each year. The first generation larvae. appear just before 

or after Clear and Bright [about 5 April]. In Chaoshan area of Guangdong 
6-7 generations occur in each year. The first generation occurs in early 
March to early June. The imagoes are scattered and not very active. 

They often pretend death. ihe imagoes overwinter in small holes in the 
tree or ia rolled up, withered leaves. 


Characteristics of Damage The damage of the first generation larvae is 
severe. The larvae eat the meat cf the leaf from the dorsal side and 
sometimes injure the surface skin creating a gap, or secrete a sticky 


fluid or feces causing the ieaf to turn black, wither, and fall. 
Mcthod of Prevention and Contro.: 
(1) Clear up the citrus or-herd to exterminate the overwintering imagoes. 


(2) During the larvae stage, spray a 400 parts dilution of 6 percent BHC 
or a 500 parts dilution of 50 percent dipterex. 
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(3) At the peak of the larvae hatching stage, 1.5 catties of BHC fumigant 
may be used to fumigate in clear mornings or at dusk. 


(4) Straw or roots of rice plants may be mixed with mud to form bundles 
which are tied to the tree trunk to attract the old mature larvae to enter 
the bundle where they metamorphose into pupae. They should be searched 
and killed once every 2 days. At a point 45 cm from the ground, the trunk 
should be sprayed with a mixture of 1 catty of 6 percent soluble BHC and 
10 catties of sand, or a mixture of 1 catty of 6 percent soluble BHC and 
10 catties of water. 


Il. Diseases 
1. Apple Rot Disease (Stinking Rind Disease) 


Principle of Occurrence: The [pathogens] overwinter in the diseased area 
in the form of hyphae, dividing spores, or ascus sacs; the disease becomes 
more severe before the apple begins to form. The pathogens gain entrance 
through wounds resulting from freezing, insects, or cuts, and are spread 
by wind and rain. The incidence of the disease is related to a weakness 
of the tree. 


Symptoms of Disease: It damages the tree trunk. The damaged part appears 
to be soaked in reddish-brown colored water, slightly swollen, and is 
mostly oval shaped. The wound is soft and loose, and has a fermented 
smell, with a fluid discharge. Later, it will dry out and become a dent. 


Methods of Prevention and Control: 


(1) Strengthen management to improve the growth of the tree; prevent it 
from being frozen; reduce the number of wounds; control pests. 


(2) Scrape and remove the diseased spots, and disinfect them with 0.1 
percent mercury chloride solution before painting it with an antiseptic 
oil to protect the wound. The diseased branches and diseascd bark [thus 
remceved] should be burned. 


2. Apple Fruit Rust Disease 


Principle of Occurrence: This is a virus disease. It is carried by the 
root system of the diseased tree; through bud graft or scion graft, the 
disease is passed on to the apple tree. The incubation period is 3-27 
months. In the beginning, the fruiting tree has only a few obviously 
diseased branches, but 2-3 years later, the disease will spread to the 
entire tree. 


Symptoms of Disease: The damaged fruit is one of the following three 
types: 


765 





(1) Rust fruit: About 1 month after the blooming stops, dark green water 
soaked diseased spot occurs on the top of the fruit; later it will turn 
into a brown colored rust spot, and will further develop into five regular 
stripes. 


(2) Disfigured Face: The surface of the fruit is not even, with many 
dents. It is disfigured, and when it is ripe, there are many yellowish- 
green spots which do not turn red. 


(3) Complex type of rust and disfigurement: The diseased fruit have the 
above two symptoms. With this type of disease, in some varieties, there 
is also the symptom of the leaves curling backwards during the seedling 
stage. 


3. Apple Rust Disease (Red Star Disease) 


Principle of Occurrence: The pathogens infect once a year. When the rust 
spores on the apple tree are ripe, they spread with the wind to junipers 
and cypresses to form fungus galls on small branches. After the spring 
rain, the winter spores in the fungus gall will germinate small spores, 
which will spread with the wind to the apple trees to invade the leaves, 
the fruit, or the tender shoots. It spreads the fastest given the condi- 
tions of high temperature and humidity. 


Symptoms of Disease: It damages the leaves, the tender shoots, the young 
fruit, and the fruit stems. The diseased leaves have yellowish-green 
spots; later they turn orange-yellow color, with a red margin around the 
Spot. The tender shoots have localized protrusions; the symptom on the 
fruit is similar. Later, cracks will develop to cause the shoots to 
break easily. 


Method of Prevention and Control: 


(1) Thoroughly remove all junipers and cypresses in the vicinity of the 
apple orchard. When a new orchard is being planned, junipers and 
cypresses should not be planted within 2.5-5 km of the apple orchard. 


(2) If junipers and cypresses in the vicinity of the apple orchard are 
not removed, the fungus galis on the small branches should be cut off in 
the winter. During the period when the apple trees are emerging to the 
time when the young [ruits are the size of a thumb, the junipers and 
cypresses should be sprayed with 1-2° (Baume) lime-sulfur mixture several 
times. After emergence, and until the time of young fruit formation, the 
apple tree should be sprayed with 0.5:1.80-100 Bordeaux mixture one to 
three times to prevent sathogens from invading. 
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4. Peach Brown Rot (Fungus Nut Disease, Gray Rot Disease) 


Principle of Occurrence: The pathogens overwinter in the dead fruit and 
the sores of diseased branches. In the spring of the following year, 
the divided spores spread with the wind to enter the fruit through 
respiration holes, holes on the rind, and insect wounds. A temperature 
of 20-25°C and frequent rains or frequent fog are suitable conditions 
for the occurrence of this disease. The infection will continue to 
spread in storage and during transportation. 





Symptoms of Disease: It damages the fruit, flowers, and leaves. The 
diseased fruit has round disease spots at first; later, the interior of 
the fruit will rot and turn brown to produce a gray-white fuzz-like mold, 
slightly protruding. It will then become rotten and lose moisture becom- 
ing a dead fruit. On the flower petal and the stigma, brown colored 
spots will appear first, spreading gradually to the calyx and the stem. 
Later they all turn a brown color and withered and shrink. When the 
diseased leaves and the diseased fruit are dried out, they do not fall. 

A week after an ulcer-like ring appears on the diseased branch, it will 
wither and die. 


Method of Prevention and Control: 


(1) In the winter, the dead fruit should be cleared out and buried. The 
diseased branches should be burned. Combined with deep plowing, the dead 
parts of the tree should be turned into the soil. 


(2) Effectively control pests to prevent wounds on the surface of the 
fruit. When the fruit is picked, do not leave the stem [on the tree]. 


(3) Before emergence, spray with a 5° (Baume) lime-sulfur mixture. 

After the blooms are shed to 1 month before harvest, spray with a 0.3-0.4° 
(Baume) lime-sulfur mixture, or a lime and sulfur chloride mixture (8 
catties of sulfur chloride, 4 catties of lime hydrate powder, 2 catties 

of bean paste, and 250 catties of water). 


5. Peach Anthracnose (Mu-shou Disease) [Glocosporium lacticolor Berk. |] 


Principle of Occurrence: The hyphae overwinter in the tissues of the 
diseased shoots and dead fruit. In the spring of the following year, the 
divided spores spread with the rain or insects, and can continue to 
infect. Dampness and high temperature are favorable for the occurrence 
of this disease. 


Symptoms of Disease: it damages the fruit and new shoots. The young 
fruit will be dark brown in color, shrunk, and hard. Large diseased 
fruit will have water soaked spots, with dark brown indentations and 
pink colored sticky grains. The diseased fruit will rot and fall, or 
dry out and shrink to become a dead fruit attached to the branch. The 


767 








diseased branch has greenish-brown water soaked spots, with a pink sur- 
face. They will curl up and their leaves will roll up to look like tubes. 


Method of Prevention and Control: 
(1) Clear out diseased shoots and diseased fruit in the winter. 


(2) Before emergence, spread with a 5° (Baume) lime-sulfur mixture, or 
starting from the time when the fruit is the size of a bean, spray with 
ferbam iron or ferbam zinc, once every 7-10 days, a total of 3-4 times. 


(3) Attention should be given to draining water from the orcnard and 
the proper application of fertilizer to prevent excessive vegetative 
growth. 


6. Pear Black Star Disease (Ulcer Scar Disease) [Venturia pirina Aderh. ] 


Principle of Occurrence: The dividing spores or hyphae overwinter in the 
glumes of the axillary bud, or in diseased tissues. They will start to 
infect again through wind or rain. The incidence of the disease is 
higher in years of frequent spring rain or an early rainy season. The 
peak is in July and August. 


Symptoms of Disease: It damages the fruit, the leaves, new shoots, leaf 
stems, fruit stems and bud glumes. The diseased fruit has pale yellow 
spots, which turn a blackish-green color before a layer of black mold 
appears. They will become hard and deformed, have cracks, and fall 
early. The diseased leaves have pale yellow spots at first, then they 
gradually turn reddish-brown and fall. 


Method of Prevention and Control: 


(1) Remove and burn diseased shoots continuously from early spring when 
the blooms shed to June. 


(2) When the disease first appears, that is the middle of June, the end 
of June, early July, and early August, spray a 0.5:1:10J/ Bordeaux mixture 
four times. If the spring rain is not frequent, or if the rainy season 
comes late, the second spray may be omitted. For species that have symp- 
toms late, the first two sprays may be omitted also. 


(3) At the end of autumn, fallen leaves and fallen fruit should be 
cleaned out. Combined with pruning, the diseased branches, etc. should 
be clipped off and removed 


7. Grape Black Pox Disease 


Principle of Occurrence: Hyphae overwinter in the diseased vines, shoots, 
fruit, leaves, and veins of diseased leaves. In May of the following year, 
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the newborn spores spread with the rain water to invade directly. Under 
the conditions of humid air and a rainy season, repeated infection is 
possible. 


Symptoms of Disease: It damages the new shoots, leaves, leaf stems, 
inflorescence, fruits and fruit stems. The damaged leaf stems curl up. 
The surface of the tender shoots and fruit stems have brown colored small 

spots, and will later turn blackish-gray in color with a dark purple ring. 

The disease spots of the ieaf turn from brown to grayish-white, and the 

center part withers and dies easily forming performations, or dries out 

and shrinks. The spots of the diseased grapes are brown colored indenta- 

tions. The grapes are smaller, hard, and deformed. They cannot ripen, 

and have an extremely sour taste. In severe cases, the grapes or even 

the entire fruit branch may dry out and fall. 


Method of Prevention and Control: 


(1) At the end of autumn after pruning and in the spring after freezing 
preventive measures have been removed, the orchard should be cleaned com- 
pletely to remove withered branches and fallen leaves, and before emergence, 
a strong antifungal agent should be sprayed to exterminate the pathogens 

on the vines. During the hibernation period, the following chemicals may 
be sprayed: 


(a) A 0.3 percent sodium pentachlorophenol and 1-3° (Baume) lime-sulfur 
mixture; 


(b) Ferrous sulfate sulfur solution (10 percent ferrous sulfate, 1 per- 
cent sulfuric acid); 


(c) A 5° (Baume) lime-sulfur mixture. 


(2) After the leaves are open and before the grapes develop color, spray 
a 1:0.5:200-400 Bordeaux mixture once every 10-15 days; the two sprays, 
once before blooming and once when 70-80 percent of the blooms have shed, 
are the most important. 


8. Grape White Rot Disease 


Principle of Occurrence: The dividing spores overwinter in the diseased 
tissues, and in the diseased plant bodies in the soil. The spores are 
carried by wind and rain to invade the grape plants. The incubation 
period is 6-10 days. An epidemic of this disease occurs easily given 
conditions of high temperature, h‘gh humidity, and wind and rain storms. 


Symptoms of Disease: It damages the grapes, the fruit stems, the vines, 
the leaves, and the young shocts. The diseased fruit, from the fruit stem 
to the grapes, will have brown colored water soaked disease spots. The 
grapes will rot acd the fruit stem will dry out and shrink. The diseased 
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fruit falls off easily and are dry. The clusters will not fall all 
winter. On the diseased branches, brown colored spots are formed. Later 
there are indentations. In severe cases, the diseased parts will shrink 
and the healthy parts become protrusions, until finally the branch 
withers and dies. Starting from the edge, the diseased leaves have brown 
spots with a water soaked appearance and with concentric rings. Small 
grains appear on both sides of the leaf, which will turn reddish-brown, 
dry out, a: crack. 


Method of Prevention and Control: 


(1) At the end of autumn, the orchard should be swept clean, and the 
dead leaves, etc., should be gathered up and burned or buried. During 
the growth period, whenever a diseased cluster is discovered, it should 
be immediately removed. 





(2) Infection of the grape clusters close to the ground surface is more 
severe. They should be clipped off thus raising the position of the fruit 
ing branches. 


(3) When the disease starts, spray with 0.1 percent zineb one every 
10-15 days for a total of 3-4 times. The effect of 0.5-1 percent dinitre 
copper is also obvious, but attention must be given to chemical induced 
damage to the plant. 


(4) In areas of severe cases of this disease, the clusters close to the 
ground surface should be covered with bags. 


9. Grape Sclerotial Disease 


Principle of Occurrence: The pathogens overwinter in the diseased fruit, 
diseased fruit stems, and diseased leaves. Spores are produced in the 
following year, and spread with the wind and the rain to infect the grape 
clusters. There is more incidence of the disease during the fruit ripen- 
ing stage. 


Symptoms of Disease: it damages the fruit stem, the cluster stem, the 
grapes, and the leaves. the base of the diseased fruit stems changes 
color, and the disease spots eniarge gradually. When a circular ring is 
formed, the cluster change: to a brown color, dries out, and shrinks. 

The grapes on the cluster gradually wither, from the base up, turn black, 
and die. From the fruit stem to the cluster stem, the disease spreads 
until the entire cluster has black colored dead grapes; they hang on the 
cluster, looking like black colored emall spots. The diseased leaf is 
grayish-white in the center, wich blackish-brown spots on the edges. In 
the grayish-white portion, some black colored grains are produced. 
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Method of Prevention and Control: 


(1) Thoroughly clean out diseased grapes and diseased clusters, burn 
them or bury them deeply. 


(2) When the grapes are close to the ripening stage, spray a 0.5:0.25:100 
Bordeaux mixture to protect the cluster. 


lv. Grape Brown Spot Disease 


frimciple of Occurrence: The hyphae and the divided spores overwinter on 
the diseased leaves. Early in the summer of the following year, the 

spores are carried by the wind and the rain to invade the grape leaves 
through the respiration bh-'~«. The incidence is the highest given con- 
ditions of high temper. » ‘ad high humidity. The disease is more severe 
during the months of Jui,. ..yust and September when there are frequent 
rains. Generally, the disease spreads on the leaves of the lower part of 
the plant; it gradually spreads upward. 


Symptoms of Disease: It damages the leaves only. The center of the 
disease spot is blackish-brown in color and the edge is brown. Later, 
the dorsal side of the disease spot develops dark brown-colored mold-like 
round grains. The diseased leaves are dry and brittle, and break easily. 
They even turn yellow and fall off. 


Method of Prevention and Control: 


(1) In the early stage of the disease, spray a 0.5:0.25:100 Bordeaux 
mixture two to three times. 


(2) After the autumn, clean out the orchard thoroughly, and burn or bury 
the fallen leaves. 


ll. Grape Furry Fuzz Disease 


Principle of Occurrence: The disease is induced by parasitism of a kind 
of tick. The adult ticks overwinter in the bud glumes or the damaged 
leaves. In the spring of the following year, the tick drills into the 
fuzz ot the dorsal side of the leaf to suck and feed on the juice. 


Symptoms of Disease: It damages only the leaves. At first, white 
colored disease spots occur on the dorsal side of the \eaf; the surface 
of the spot protrudes, is pink colored and is densely covered with brown 
colored soft furry fuzz. In the end, the diseased part withers and dies. 
The diseased leaf creases and shrinks. 


Method of Prevention and Control: 


(1) Before emergence, peel off the old bark and clean up the orchard. 
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(2) Before the leaves spread o*° and the buds sweil up, «pray a 5° 
(Baume) lime-sulfur mixture. 


(3) When a new orchard is being established, attention should be given 
to disinfecting the seedlings. 


12. Citrus Ulceration Disease [Xanthomonas citri (Hasse) Dowson] 


Principle of Occurrence: The pathogens overwinter in the disease spots. 
In the following yeur, under suitable conditions, a fungal fluid is 
secreted. It is spread by the wind, the rain, and insects. It may also 
infect through contact with the diseased branch, or invade through air 
holes, water holes, rind holes, or wounds. The incubation period is 
generally 4-5 days. Infection is more severe when the temperature is 
high and the rain is frequent. The pathogens can spread with the sap- 
lings, the erafts, and the fruit, when they are transported a long 
distance to remote areas. 


Symptoms of Disease: The leaves, the shoots, and the fruit can all con- 
tract the disease. At first, the dorsal side of the diseased leaf turns 
yellow or dark green color, with needle point sized oily spots. Later, 
the top and the dorsal sides of the leaf both protrude. The disease spot 
is round, with a grayish-white center, surrounded by a ring of yellow or 
yellowish-green color. At the edge, there is often a brown colored 
brilliance. The old disease spots turn darker, and the oily cast dis- 
appears. The diseased shoot often occurs in the summer. At first, there 
are found water soaked small spots. They later enlarge to icok like 
blisters of pale yellow or yellowish-brown color, with relatively darker 
edges. The symptoms of the diseased fruits are the same. 


Method of Prevention and Control: 


(1) Im the winter or early spring, clean out the grove, sweep up the 
fallen leaves and eliminate the weeds. Gather up a!1 these and burn then. 


(2) Before the spring shoots of large trees stop growing, between 
February and March, clip off all diseased branches and burn them. Then, 
spray with a 0.5-0.8 percent lime with an equal quantity of Bordeaux 
mixture once. 


(3) Diseased branches and diseased leaves should be clipped off, depend- 
ing upon the condition of the disease on the new shoots. For saplings, 
the aforementioned chemical should be sprayed 2~3 times during the spring 
shoot stage. For large trees, spraying shoul be carried out after the 
blooms have been shed or during the stage when the fruits fall. 


(4) Disease-free grafts should be used to produce saplings, and the 
stock and scions should be disinfected with a 0.1 percent mercury 
chloride solution for 3 minutes and washed with clean water before 
grafting. 
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13. Citrus Yellow Dragon Disease 


Principle of Occurrence: The pathogens and principle of occurrence are 
not clear. It is contracted mainly through the stock or scion collected 
from diseased trees, or through high pressure seedling culture on a 
diseased tree. The incidence is higher in groves on the plains with 
accumulated water or a high ground water table than groves in the moun- 
tains. The disease also spreads to new areas when diseased saplings are 
transported out of the endemic region. The diseased saplings establish 
a center of this disease in a new grove in this manner. 


Symptoms of Disease: The leaves turn yellow and fall; the roots rot; the 
branches wither. In the following year, the trees bloom earlier and 
“roduce more flowers, which are deformed and easily fall. The fruits are 
sali, with a thick rind and sour taste. They have no brilliance. After 
\* @.91 months to several years, the tree will wither and die. The most 
«sy lous symptom is yellow colored leaves and rotten roots. 


Method of Prevention and Control: 


(1) Through strict inspection, the diseased saplings snould be regularly 
removed, and disease-free saplings should be cultivated. 


(2) Carry out a strict inspection system to keep all diseased saplings 
cat and to prevent all suspicious saplings from being transported out or 
into the area. 


(3) Strengthen management, prevent and control diseases and pests and 
improve the vigor of the trees to increase disease resistance. 


(4) Treat diseased trees in time. Young trees of less than 3 years old 
and seriously diseased old trees in either a new grove or an old grove 
should all be logged and removed. Trees that are only mildly diseased in 
an infected grove should be pruned of all diseased branches and rotten 
roots before improving their management. 


(5) When new groves are being established, avoid sites that are either 
paddies or have a high ground water table. 


14. Citrus Ulcer Scar Disease [Sphaceloma fawcetti Jenk. | 


Principle of Occurrence: The hyphae hibernate in the diseased tissues to 
overwinter. In the spring, when the rain is frequent and the temperature 
rises to 15°C, dividing spores are produced from the old disease spots. 
They are spread by the wind and rain and invade the tender new shoots of 
ihe current year and the leaves. About 10 days after the pathogen inva- 
sion, spores are produced for further infection. The incidence is the 
most severe under conditions of continuous drizzle and fog. The tender 
young tissues are the easiest targets. 
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Syaptoms o: Disease: It damages the new shoots, the leaves, the flower 
petals, calyx, and young fruit, especially the soft parts. The leaves 
show water soaked spots at first. Later they turn waxy yellow and woody. 
They gradually change to reddish-brown, with a watery cast in the sur- 
rounding area. In severe cases, the leaves -re twisted and deformed, 

the petals fall, and the diseased fruit is deformed and falis early. 

The rind of the fruit may become woody and easily peeled off. 


Method of Prevention and Control: 


(l) A Bordeaux mixture may be used for prevention and control. The 
density should be determined by the degree of damage and the condition 
of the spring rain. Generally, before the spring buds emerge (the buds 
measure less than 1 cm) spray a 0.5-0.8 Bordeaux mixture. Spray once 
more when about two-c.vhirds of the blooms have shed. 


(.) Combined with the pruning operation, the diseased branches nd 
diseased ‘°-:ves should be clipped off to reduce the source of puthogens. 


(3) Im the orchards that have been treated wi' nesicals, a 9.5 percent 
fordeaux mixture should be used to spray once re in the following year 
before the spring ouds develop. 
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CHAPTER 12: FORESTRY 

Management of Tree Seeds 

I. Principal Methods of Collecting, Preparing and Storing Tree Seeds 
1. Methods of Collection 

(1) Collection from standing trees: For small seeds, first spread a 


canvas (or other substitute) beneath the crown of the tree, and then 
strike or shake the crown to cause the seeds to fall for collecting. 


(2) Collection from the ground: For large seeds, first clean up the 
ground beneath the crown of the tree, then collect the knocked-down or 
naturally falling seeds. 


2. Seed-Collection Periods and Methods of Collection and Preparation 
for Principal Forest Trees 

















Color and Fruit 
ee shape of |Collection | Collection | Preparation | seed 
a fruit period method methods | yield 
when ripe (%) 
Larix gmelinii Cones tan | 10-31 Aug | Pick Sun-dry or 5 
(Rupr.) Fz. fruiting bake-dry 
branch cones, knock 
out seeds, 
then winnow 
and sift, or 
wash clean 
and air-dry 
Pinus svlvestris L. {| Cones 20-30 Sep | [as above] | [as above] 
var. mongolica Lit~- | grayish- ' through 
vin. green or /|10 Mar 
reddish- 
brown 
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Color and Fruit 
ae shape of /|Collection |Collection | Preparation | seed 
P fruit period method methods yield 
when ripe (@) 
Pinus koraiensis Cones tan | 20-31 Aug | [as above] | [as above] 30 
Sieb. et Zucc. 
Pinus massoniana Cones tan,| Oct-Nov [as above] | [as above] 2-4 
Lamb. slightly 
dehisced 
Pinus tabulaeformis | Cones tan,| 20-30 Sep | [as above] | [as sbove] 3 
Carr. slightly [through 
dehisced |Nov 
Pinus yunnanensis Cones tan | Oct [as above] | [as above] 
Franch. 
Pinus armandii Cones tan |10-31 Oct | [as above] | [as above] 
Franch. 
Pinus bungeana Cones tan | Nov [as above] | [as above] 10 
Zucc. 
Pseudolarix kaemp- Cones dark} 1-10 Nov [as above] | [as above] 
feri Gord. reddish- 
brown 
Cunninghamia lanceo- | Cones tan,| Oct-Nov {as above] | [as above] 2-4 
lata (Lamb.) Hook. scales 
slightly 
dehisced 
Picea asperata Cones Sep-Oct [as above] | [as above] 5 
Mast. light 
purple or 
reddish- 
brown 
Abies fabri (Mast.) Cones Oct {as above] | Remove 
Craib mostly seeds after 
purplish- shade- 
black drying 
fruit, and 
sift 
Cryptomeria Cones tan | Nov [as above] | Same as 
fortunei for Larix 
Hooibrenk gmelinii 
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Color and Fruit 
Species shape of | Collection | Collection | Preparation |seed 
fruit period method methods yield 
when ripe (%) 
Sabina chinensis Purplish- | Oct-Nov Sweep up Wash away 25 
(L.) Antoine black fallen pericarp, 
fruits or | float out 
beat with | seed, and 
bamboo pole} sift after 
and collect] shade-drying 
Biota orientalis Cones Sep-Oct Pick fruit | Same as 
(L.) Endl. brown for Larix 
gmelinii 
Gingko biloba L. Pericarp | Oct-Nov Collect Soak in 30 
yellow ; on the water for 
ground 5-20 days or 
pile in 
moist shady 
place to 
soften 
sarcocarp, 
then mash 
and remove 
sarcocarp, 
and use 
water to 
wash out 
seed, shade- 
dry 
Populus Capsule 20-31 May | Pick Shade-dry 3-6 
dehisces catkin fruit, 
to show strip tufts, 
white and grade 
tufts with sieve 
Ulmis pumila L. Samara May Collect Shade-dry 50 
wing light on the and sift 
yellow ground 
Celtis sinensis Fruit red | Aug-Oct Pick Same as 
Pers. (or C. bun- fruit for Gingko 
geana Bl.) biloba 
Zelkova schneider- Fruit Nov Collect Same as 
iana Hand.-Mazz. dull on the for Ulmis 
green ground pumila 
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Color and ruit 
Species shape of | Collection | Collection | Preparation |jseed 
fruit period method methods ield 
when ripe @) 
Carya cathayensis Pericarp | Sep-Oct Collect Same as for | 30 
Sarg. blue- on the Gingko 
black ground biloba 
Juglans mandshurica | fruit Sep-Oct Gather or | Same as for 
Maxim. blue- pick fruit | Gingko 
black biloba 
Juglans regia L. fruit 10 Sep to | Pick or Same as for | 25 
black, 31 Oct gather Gingko 
slightly biloba 
wrinkled 
Betulaceae Catkin Aug-Sep Pick Sun-dry 10 
brown catkin and strip, 
use sieve 
or windmill 
to remove 
husk and 
inclusions 
Tilia tuan Szysz. Fruit Sep Pick fruit-| [as above] 
brown ing branch 
Corylus hetero- Fruit Sep-Oct Pick fruit | [as above] 60 
phylla Fisch. (or light 
Ostryopsis davidi- brown 
ana Decne.) 
Castanea mollissima | Nut cap 20-30 Sep | Pick fruit | Spread cap- 
Bl. tan through or gather | sules smooth 
21-31 Oct on ground, 
sun for 3-8 
days to make 
capsules 
dehisce and 
seeds fall 
out (but do 
not dry 
excessively), 
wash 3 times, 
remove inclu- 
sions 
Castanea henryi Seeds Sep las above] |[as above] 
(Skan) Rehd. et tan 


Wils. 
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Color and Fruit 
— shape of | Collection ;Collection |Preparation j/seed 
neon fruit period method methods yield 
when ripe (%) 
Quercus acutissima Seeds 21-31 Aug | Collect on | [as above] 
Carr. grayish- | through the ground 
brown 21-31 Oct 
Quercus variabilis Nut cap Oct [as above] | [as above] 
Bl. tan 
Cinnamonum glandu- Fruit Oct-Dec Pick fruit | Wash away 
liferum (Wall.) blackish- or gather | pericarp, 
Nees purple shade-dry 
seeds 
Phoebe nanmu (Oliv.) | Pericarp | Oct-Dec [as above] | [as above] 
Gamble or P. chinen- | black 
sis Chun 
Sassafras tsumu Fruit 21-31 Jul | [as above] | [as above] 
Hems1. purplish-| through 
black 21-31 Aug 
Morus alba L. a | May-Jul Knock down | Wash and 75 
appear and sweep /| select with 
purplish- up water 
black 
Fraxinus chinensis Samara Oct Pick stem | Same as for | 50 
Roxb. wing tan Betulaceae 
Fraxinus mandschu- Samara Sep to Pick stem | Same as for 
rica Rupr. wing tan | 21-31 Oct Betulaceae 
Fraxinus rhyncho- Samara 20-30 Sep | Pick stem | Same as for 
phylla Hance wing tan | through Betulaceae 
21-31 Oct 
Koelreuteria pan- Fruit red| Sep-Oct Pick stem | Same as for | 20 
iculata Laxm. [7] Gingko 
biloba 
Albizzia julibris- Pod tan Sep-Dec Pick fruit | Same as for | 20 
sin Durazz. Betulaceae 
Acacia confusa Fruit Sep-Nov Pick fruit | Same as for 
Merr. blackish- Betulaceae 
brown 
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Color and Fruit 
ideas shape of jCollection |Collection |Preparation jseed 
_ fruit period method methods  fyield 
when ripe @) 
Sophora japonica L. Fruit dull} Sep-Nov Pick fruit |Same as 20 
green, or stem for Gingko 
pericarp biloba 
shriveled 
and wrink- 
led 
Robinia pseudoaca- Pod Aug-Nov Pick fruit |Same as for | 20 
cia L. scarlet- or stem Betulaceae 
brown 
Amorpha fruticosa Fruit Sep-Oct Pick fruit | Same as for | 70 
L. reddish- Betulaceae 
brown 
Lespedeza bicolor Pod tan 20-30 Sep | Pick fruit | Same as for 
Turcz. Betulaceae 
Caragana sinica Husk Jul-Aug Pick fruit | Same as for; 18 
(Buc"hoz.) Rehd. scarlet- Betulaceae 
brown | 
Firmiana simplex Pericarp | 20-30 Sep | Pick stems | Same as for 
(L.) W. F. Wight yellow & or gather | Betulaceae 
wrinkled 
Paulownia fortunei Husk Sep-Oct Pick stems | Same as for 
(Seem. ) Hems1l. grayish- Betulaceae 
black 
Cam llia oleifera Fruit Sep-Nov Pick fruit | Shade-dry, 
Abel. blackish- sift or 
brown sort 
Aleurites fordii Fruit Oct Pick fruit | Same as 
Hems1. purplish- or gather | for Gingko 
red biloba 
"black cypress" Fruit Oct-Nov Pick fruit-+ If desired, 
(misprint for Sap- blackish- ing branch | use lye 
ium sebiferum (L.) brown water to 
Roxb. remove wax, 
sift seeds 
Rhus verniciflua Fruit tan | Oct-Nov Pick stem | Remove wax 
Stokes or blackish with lime 





brown 








water, wash 
seeds clean, 





air-dry 
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Color and Fruit 
Species shape of |Collection /Collection |Preparation ‘seed 
fruit period method methods yield 
when ripe (2) 
Juglans mandshurica | Fruit tan | Aug Pick fruit (|Shade-dry 10 
Maxim. seeds, sift 
out inclu- 
sions 
Diospyros iotus L. Fruit Oct-Nov Pick fruit |Same as 
purplish- for Gingko 
black biloba 
Ailanthus altissima | Fruit Sep-Oct Pick stem |Same as for | 75 
(Mill.) Swingle brownish- Betulaceae 
yellow 
Melia azedarach L. Pericarp Oct-Dec Pick fruit-| Same as 
orange ing branch | for Gingko 
biloba 
Eucalypt''s Pericarp May-Jul, | Pick fruit-/| Same as for 
tan Nov-Feb ing branch | Betulaceae 
Acer negundo L. Samara Sep-Oct Gather Same as for 
wing light fruit or Betulaceae 
yellow pick fruit- 
ing branch 
Zanthoxylum bunge- Pericarp Aug-Sep Pick fruit-| Same as 25 
anum Maxim. red ing branch | for Juglans 
mandshurica 
Phellodendron Pericarp | 20-30 Sep | Pick fruit-| Same as 
amurense Rupr. blackish- | through ing branch | for Gingko 
brown 21-31 Oct biloba 
"laeagnus angusti- Fruit Sep-Oct Pick fruit | Same as 
folia L. orange for Gingko 
biloba 
Malus baccata (L.) Fruit 1-10 Sep | Pick fruit | Same as 3 
Borkh. purplish- for Gingko 
red biloba 
Pyrus betulaefolia Fruit Jul-Sep Pick fruit | Shade-dry 6 
Bunge dull fruit, sift 
yellow out inclu- 
sions 
Prunus davidiana Fruit Aug-Sep Pick fruit | Same as 30 
(Carr) Franch. light for Gingko 
yellow biloba 
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Color and Fruit 
Species shape of {Collection | Collection | Preparation jseed 
fruit period method methods yield 
| when ripe (2) 
Prunus sibirica L., | Fruit Jun-Jul Collect on | Same as 25 
Armeniaca sibirica yellow the ground | for Gingko 
(L.) Lam. biloba 
Crataegus pinnati- Fruit Aug-Oct Pick fruit | Same as 20 
fida Bunge deep red for Gingko 
biloba 
Tamarix chinensis White 20-30 Jun | Pick Put flower 
Lour. tufts show/|through flower clusters in 
slightly {20-30 Sep | clusters wooden box, 
from cap- cover with 
sules on white cloth, 
flower sun 3-4 days, 
clusters stirring 2-3 
times each 
day, sift 
afte. seeds 
appear 
3. Methods of Storing Tree Seeds 
Method Applicable range Procedure 





l. Dry storage 


1. Ordinary 
dry storage 





Winter storage for such 
species as conifers, 


Robinia pseudoacacia, 
Sophora japonica, 
Gleditsia sinensis, 
Amorpha fruticosa, 


lpa ovata, 


Pistacia chinensis, 
birches, alders and 


Lespedeza bicolor 
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Place seeds into bag or box, 
place in well-ventilated, dry 
room where humidity varies little. 
In humid regions, the seeds can 
be mixed with wood ashes to 
absorb water and prevent dampen- 
ing and mildewing of seed. 





Table (Continued) 








Method | Applicable range Procedure 

2. Sealed re- For long-term storage Before storing, dry the seeds to 
frigerated of seeds of such trees | the appropriate moistness, place 
storage as Larix gmelinii, in earthenware, glass or metal 


pines, Picea asperata, 


and Elaeagnus angusti- 
folia; or for seeds 


which easily lose their 
ability to germinate, 
such as eucalyptus and 
poplar 


3. Cone storage | Winter species of cones 
of conifer species 


II. Wet storage 


1. Outdoor For dry seeds which 
burial cannot be stored dry, 


such as Quercus, 
Castanea mollissima, 
Juglans regia, Gingko 
biloba, Tilia, Acer, 
Prunus sibirica, 
Fraxinus chinensis, 
and Corylus hetero- 


phylla 





2. Piling Suitable for seeds of 
indoors Quercus and Camellia 


oleifera 








containers, and seal with paraf- 
fin, sealing wax, or solder, then 
piace in < cold room, cellar, or 
seed storehouse where the temp- 
erature is 0-5°C. Powdered char- 
coal, calcium chloride, or wood 
ash can be added to the contain- 
ers when necessary to absorb 
moisture. 


After appropriately drying the 
collected cones, they are placed 
indoors, stacked up not more than 
1 m high, and periodically in- 
spected and turned to avoid 
giving off heat and mildewing. 


Select a sunny place with loose 
soil and good drainage, dig trench 
and bury. Trench is 50-80 cm deep 
and about 1 m wide, length being 
determined by the amount of seeds, 
but 2 mis better. Spread 5 cm of 
sand on the bottom of the trench, 
then alternate layers of seed and 
sand up to 20-30 cm away from the 
lip of the trench; cover with sand 
to a height about 0.5 meter above 
ground. When putting the seeds in, 
stick a bundle of plant stalks into 
the trench to allow for ventilation 
and dig drainage ditches all around 
the trench to avoid rain water 
flowing into it. 


Spread a layer of moist sand in a 
well-ventilated room out of direct 
sunlight, and then pile up alter- 
nating layers of seeds and sand. 
Sand thickness is 10 cm, and seed 
thickness is 5 cm for Camellia and 
10 cm for Quercus; pile to a height 
of 1.5-2 m. 
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Il. Appraisal of Seeds of Important Trees 


em 










































































.,.. |Germina- Weight t of | 
Tree species [nage se rate; 1000 Naber of 
(%) (g) 
Ga w Psi. “au 
es 85 w.2 6,4n 
5 as 38.1 wv, 6is 
gs a5 6.1 Cow 
Ls} 85 "8.0 ii 
w 80 6.0 165,00 
90 60 3.9 23.60 
«3 6 a v31, 70 
~~ w.0 25, sw 
or) «s, 0.0 24.925 
iftlora Sieb. et Zucc. 95 RS 14.7 6,550 
Pinus 95 70 148.5 ore 
Abies t.) ‘Craib 90 75 51.5 19, #00 
Se lanceolata (Lamb.) Hook. 95 cs 7.8 128,00 
ina chinensis (L.) Antoine 48.2 20," 
sus funebris Endl. 92 9 3.16 s23,250 
10ta orientalis (L.) Endi. we a8 n.6 46.2%) 
ae, (poplar) 9 90 v3 |million+ 
ia L. 99 of 12,475 - ww 
yensis Sarg. 9 75 7,109 143 
as tera C. I. 95 RS 136m 
Pret Betula platyphylia Suk 25 cs 0.9 |1.27 million 
ss Bl 95 85 3, 067 = 
=e rcus acutissima Carr. 90 90 4,650 oy 
la L. 85 70 7.7 129, suv 
90 “5 1.4 737.00 
erus alba glanduliferum (Wall.) Nees 91.0 1,wwu 
sassafras tsum Hems1. 95 70 G2 16, Cou 
Cucommia ulmoides Oliver 95 sO 71.4 14,000 
Prunus davidiana (Carr) Franch. ~ | 2.006 or 
“Tbizzia julibrissin Durazz. 5 0 41.0 24.60) 
Acacia confusa Merr. 27.0 36, uy 
Gleditsia sinensis Lam oe 75 594.0 ince 
ra japonica L. 95 80 119.0 mo 
inia pseudoacacia L v5 Bu 19.0 £3, Gow 
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: ina- | Weight of 

: Purity |, - Number of 
Tree species Fis rate 1000 seed ; 
Amo fruticosa L. 95 90 11.7 87, 400 
za bicolor Turcz. 90 80 9.0 | 100,030 
‘lTodendron amurense Rupr. #0 & 13.0 | TT .ta0 
Ailanthus altissima (Mill.) Swingle 85 ad so) 6| (1.800 
Rhus verniciflua Stokes | wo 7.0 06), 050 
Pistacia chinensis Bunge “ as 92.0 10, 860 
Acer » L. #9 85 8.0 25,000 
Cara Sinica (Buc'hoz.) Rehd. 96 152.0 | 60.0 
yptus tereticornis Smith 10 «9 4.1 24,000 
raxinus mandschurica Rupr. * 70 67.0 15,000 
Fraxinus rh Tia Hance : as 90.008 
Fraxinus chinensis . 95 75 29.7 35, 150 
Cataipa ovata G. Don. 95 3.7 278,000 
ans mandshurica Maxim. : 10.4 — 
rcus = Fisch. w 60 942.5° 1190 
rcus variabilis Bl. 385° 260 
‘Triana Ssimpiex (L.) W. fF. Wight 95 80 26.0 35,000 
Acer truncatumn e 93 123.0 8000 
Aleurites fordii l. 96 #0 2604" 84 
Camellia oleifera Abel. ) 95 85 as | 692 

rus betulaefolia Bunge #8 90 M4 

S xerophilia Yu 95 86 12.0 : 716 
Malus asiatica Nakai | 22.0 44,800 
Malus prunifolia (Willd.) Borkh. 17.0 66,000 
Malus ta -) Borkh. : 95 78 3.7 . 214,400 

Crat pinnatifida Bunge 88 ~ 98 11, 800~29, 000 
Prisas stbixica L. (small seed) 98 86 862 1805 
Prunus sibirica L. (large seed) os vad 1093 , 0 
Prunus davidiana (small seed) | 98 v2 2447 400 
Prunus davidiana (large seed) 3701 370 
Prunus salicina Lindl. | a2 8200 
Prunus pseucocerasus Lindl. | 108 9200 
Tisiphus serrulata Lindl. 72 14,000 
ujuba var. {permis | 218.0 4, 500 
sips “8 75,200 
Cedrela a ba = 7.0 147, 200 
Tilia “wenischanr ica Rupr. et Maxim. | 8s 172.0 6000 
Tilia mongolica Maxim |; & a vasa = 








* Weight of 1000 seeds figured according to number of seeds/kg 














Cultivation of Seedlings 
I. Selection and Preparation of Seedling Plot 


1. Site Selection: Generally, a site near the area to be afforested is 
chosen; it should have good soil quality (sandy loam is best), irrigation 
capability, lewel terrain (if the land is sloping, then terraced fields 
must be made), convenient transportation, and fertile, unsalinized soil; 
its area will be determined by the number of seedlings to be cultivated. 


2. Preparation: For virgin land in mountainous areas where seedlings 

are to be cultivated, the land should be turned over during the summer or 
fall 1 year prior to seedling cultivation. There are two methods of pre- 
paring the land: complete preparation and strip preparation. Where the 
terrain is level, the complete preparation method is used. First weeds 
and bushes are cut, and roots and sod scraped and cleared, and then a 
10-m-long, 1-m-wide level seedling bed is made, with a raised ridge of 
earth a. the upper edge. Strip preparation consists of leaving a 1-1.5-2- 
wide strip of virgin land between neighboring seedling beds, other aspects 
being similar to complete preparation. Regardless of which land prepara- 
tion method is used, drainage ditches must be dug at the head of the bed 
to prevent its being washed away. For seedling cultivation on level, 
cultivated land, the land should be turned over 1~2 months prior to plant- 
ing to promote soil weathering. Before seedling cultivation, the seedling 
bed should be leveled and raked fine; all weeds should be removed and ade- 
quate base fertilizer applied. Each mou of land should receive applica- 
tion of around 2 catties of 6 percext benzene hexachloride [BHC] to pre- 
vent underground pests. Then furrow, trenches, and ditches are dug and 
the plot leveled, with irrigation, drainage, and furrow ditches being 
1-1.5 m in width. 


Il. Methods of Inducing Seed Gerxtna:ion 


l. Layering: When large quantities of seed are treated, mix the soaked 
seed with water-saturated sand or peat, the volumetric ratio of seed and 
sand being 1:2-3, and then place in a trench, allowing the mixture to 
absorb water and expand. Make air holes in the mixture and dig drainage 
ditches around the trench. During the germination period, the temperature 
in the trench should be mvintained at 0-10°C, and the seeds and sand 
should be kept moist. If the seeds are not numerous, then after the seeds 
and sand are mixed, they can be put into a perforated wooden box or other 
container, placed in a 2-5°C room, and turned once every 10-15 days. Water 
should be appropriately added to maintain moisture. The number of days 
required for inducing germination of various tree seeds is shown below: 
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N of days for 
—ae one setesins aapeunazion 
Fraxinus chinensis HKoxb. 80 
Fraxinus mandschurics Rupr. 150-180 
Acer truncatum Bunee w 
Acer negundo Linn. 80 
Jugians rexsia L. 60 
Tilia tuan Stvsz. 150 
Pterocarya si-soptera C. DC. 90-120 
Elaeagnus angustifolia L. 90-120 
Hippuphae rhamnoides L. 30-60 
Prunus sibirica L 100-150 
Custanesa mollissima 5). 150-180 
Phellodendron amurense Rupr. 60-90 
Corylus heterophylla Fisch. 120 
Juglans mandschurica Maxia. 150-180 











2. Accelerated Induced Germ‘aation: Mix the seeds with sand, maintaining 
moisture, ventilation and temperature (below 35°C) conditions; it is also 
necessary to turn regularly. Seeds which germinate early should be stored 
at a low temperature until all or the majority of the seeds have germi- 
nate’; then the’ can be planted. If it is already near planting time, 

the seeds <an be soaked in hot water (mot over 35°C) for 1-2 days and 

then placed in a 30-35°C room, turning 2-3 times per day and regularly 
maintaining moistness. Thus, after 12-15 days the majority of the seeds 
will have produced young sprouts. Good results can be obtained in 


acceleratec induced germination of maple, Cotinus coggygria, Pinus 
koraiensis, and Prunus sibirica. 





}. Outdoor Burial: The method of inducing germination most widely used 
in China at present (for Jetall see portion on “Methods of Tree Seed 
Storage™,. 
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IV. Sowing and Cutting 


Sowing times differ because of regional and species differences; there 
are three types: spring sowing, fall sowing and replanting after logging 
(as with Ulmis pumila). As for sowing methods, generally the two methods 
of strip sowing and broadcasting are used, but for tree species whose 
seeds are especially large (such as walnuts), dibbling can be used. The 
thickness of the soii cover after sowing is generally 2-3 times the 
diameter of the seed. In dry areas the land must first be adequately 
base-irrigated, and the seeds are lightly tamped after sowing. Sown beds 
should be covered until the young shoots break through the earth. 





With some species such as Taxodium distichum, poplars, willows, 
Metasequoia glyptostroboides, and Platanus acerifolia, the cutting method 
can be used to cultivate seedlings. Generally, after leaves have fallen 
in the autumn or before spring budding, a sturdy branch of 1-2 years' 
growth is selected, and the tender tip is cut off crossways to make a 
15-25-cm-long scion which is flat on the top end and shaped like a 
horse's ear on the bottom; each scion should have 3-4 buds. Cutting is 
generally done in the spring or the autumn. The seedling bed is first 
given an adequate base irrigation, and then the scions are inserted at 
an angle into the ground to a depth of more than two-thirds of their 
length. After the earth is firmed, they are covered with rice straw to 
preserve seedling bed moisture. When weeding and loosening the soil, 
care must be taken to avoid touching the young tree seedlings. 





V. Seedling Plot Management 


Appropriate soil moisture must be regularly maintained in the seedling 
plot, the seedlings should be thinned at the right time, and a follow-up 
application of thin night-soil or chemical fertilizer should be made. 
Some tree seedlings which are easily sun-scalded (such as Cunninghamia 
lanceolata, Larix gmelinii, and Tilia tuan) must still be shaded for 1-2 
months after the covering is removed from the seedling bed. Weeding of 
conifer seedling beds can be done after sowing and before sprouting by 
spraying the beds with 1.5 catties of 40 percent herbicide ether mixed 
with 2,009 catties of water. 





Atforestation 
1. Forest Types 


According to the purposes for which they are created, and their uses, 
forests can be divided into timber forests, fuelwood forests, protection 
forests, economic forests, enc scenic forests. Of these, the protection 
forest can be further divided into forests for protecting farmland, roads 
and ditches, water- and soii-conservation forests, and sand-stabilizing 
forests. Among the economic forests are forests of fruit trees, mulberry, 
tea, tung tree, teaseed oil, tallow trees, and varnish trees. 
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Il. Sowing Times, Densities and Seed Quantities for Direct Sowing of 


Principal Tree Species 



























































‘Sowing Sowing density 
ite alee, period for | Number of | Number of | Seed quantity 
P afforesta- | holes per | seeds per | (catties/mou) 
tion mou hole 
Juglans regia spring or 70-80 2 3-4 
autumn 
Castanea mollissima spring or 70-80 
autumn 
Prunus sibirica autumn 200-300 
Prunus davidiana autumn 200-300 
Quercus acutissima early aut 600 
Quercus dentata Thunb. early aut 600 
Quercus aliena Bl. early aut 600 
Ailanthus altissima spring 600 
Pinus tabulaeformis spring, 600-800 
rainy sea- 
son, autumn 
Pinus armandii autumn, 600-800 
winter 
Pinus koraiensis autumn, 600-800 
winter 
Biota orientalis rainy sea- 600-800 
son, autumn 
Juglans mandshurica autumn, 600 
winter 
Corylus heterophylla autumn 600-800 
Ulmis pumila spring, 600 
rainy 
season 
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III. Afforestation Densities for Principal Tree Species 









































Density Density 

Tree species (otencefem) Tree species Sa tinahinteaiee) 
Pines 240-800 Robinia psedoacacia 375-700 
Larix gmelinii 350-650 Ailanthus —cissima more than 375 
Cunninghamia lanceolata 240-300 Paulownia fortunei 240 
Oaks 375-700 Pterocarya stenoptera | approx. 375 
Eucalyptus 240 Juglans regia 30 
Biota orientalis 400-530 Castanea mollissima 30 
Cinnamomum glanduliferum 375 Camellia oleifera 100 
Sassafras tsumu 375 Aleurites fordii 100 
Salicaceae 333-666 Phyllostachys 20-50 























IV. Main Points of Afforestation Techniques in Sowing and Planting 


1. Careful and Thorough Preparation of Land: The goals of land prepara- 
tion are to loosen the soil, store up water and conserve soil moisture, 
eliminate weeds, and enhance soil productivity to enable the young forest- 
tree seedlings to have a high viability and fast growth. Land preparation 
may be divided according to terrain and other conditions into two types: 
total cultivation and half cultivation. Full cultivation consists of 
carrying out overall deep-plowing and smoothing of the soil prior to sow- 
ing or planting. With this method it is possible to intercrop oil crops 
during the young seedling stage, thus fully utilizing the land. On steep 
slopes and in mountainous regions, the half cultivation method is gen- 
erally employed. It consists of strip or patch land preparation. With 
strip preparation, 70-cm-wide and 30-50-cm-deep ditches are laid out along 
the terrain contour lines according to the furrow spacing required by the 
particular tree species. Mature topsoil is first put on top, and then 
immature soil is banked up at the bottom of the ditch. When the trees are 
planted, the excavated mature soil and the topsoil and weeds between the 
rows are used to fill in the ditch. For patch cultivation, pit sites are 
laid out according to the planting interval of the particular species and 
the slope contour lines. A circular or rectangular pit 30-50 cm long and 
30 cm deep is dug at each pit site. Rocks and grass roots are thoroughly 
cleaned out and the ground cut and filled to make a basin shape. After 
breaking up the topsoil, it is used to fill the pit, and the tree is 
planted. Afforestation land preparation should be carried out at least 
2-3 months before sowing or planting to allow the soil to ripen and to 
raise fertility. 


2. Care and Management 


(1) Banking and Replacement of Young Seedlings: After afforestation, 
careful inspection must be made. If the earth covering is too shallow 
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and the seedling is not firmly buried, if the roots are exposed, or if 
the soil has not been tamped firmly or the seedling is falling over, 
then the seedling should be propped up, buried firmly and tamped 
securely. Deficient or dead seedlings should be replaced the next sea- 
son or the following year with seedlings of the same age to enable the 
young forest trees to be uniform in size and have even growth. 


(2) Weeding and Loosening ihe Soil: This should be done continuously 
for 2-3 years after afforestation, 3-4 times the first year, 2-3 times 
the second year, and 1-2 times the third year. The soil should not be 
loosened to too great a depth, and a space about 15-20 cm from the young 
seedlings should be left untouched to prevent damage to the root systems 
which woulc kill the seedlings. When weeding, hoeing should be thorough. 


(3) Thinning of Seedlings: Starting in the third year after the direct 
sowing of the forest, the seedlings should be gradually thinned, leaving 
the strong plants and removing the -eak ones, so that when the forest has 
become dense, only ~se plant is lef. ‘n each planting hole. The trees 
are thinned gradually as they grow. Two years after they are planted, 
Robinia pseudoacacia and Amorpha fruiicosa should be cut off at the 
ground and allowed to rejuvenate in the winter or early spring. Other 
species should also be appropriately pruned and trimmed so that their 
trunks will be straight and th ir growth healthy. 


(4) Intercropping on Forest Land: In areas with relatively level terrain, 
beans, oil crops (peanuts and sesame), potatoes or vegetables can be 
intercropped 1-3 years after afforestation in order to fully utilize the 
land and promote the growth of the young forest. 


(5S) Forest Protection: After the forest is planted, it should be closed 
off at the right time to prevent fire and trampling by livestock. 


(6) Pest Prevention (see section on “Major Forest Pests and Their Pre- 
vention"). 


Protection Forests 
I. Structural Features and Design of Field-Protecting Forest Belts 


1. Structural Types and Features of Field-Protecting Forest Belts: The 
structures of field-protecting forest belts can be divided into three 
types: dense structure, loose structure, and wind-transparent structure. 
Forest belts which are wind-transparent are generally created in areas 
where there is much snow and good conditions for forest plants. In areas 
where the soil is infertile, where there is little snow, and where condi- 
tions for forest plants are poor, loose-structure forest belts are created. 
The characteristics of forest belts of different structures are as below: 
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Structural Characteristics Protective effectiveness 

type 

Dense Over- and underlayers are j| Wind velocity extremely small on 
both dense and seldom leeward edge of forest, increas- 
penetrated by airflow at ingly rapidly as one moves away 
wind velocity of 3~ from leeward edge of forest; day- 
m/sec; coefficient of night temperature variation rela- 
wind permeability* less tively large; high snowdrifts 
than 0.3. accumulate in forest belt or near 

its edges. 

Loose Forest belt generally Area of minimum wind velocity on 
consists of 2-3 layers, leeward side appears at a point 
there is underetusth or 3-5 times the height of the 
shrubbery, gaps are small , forest belt; wind velocity in- 
and evenly distributed in | creases the further one moves 
cross-section, a part of away from the forest belt. Snow- 
the airflow at wind fall distribution is more even 
velocity of 3-4 m/sec can | than in the dense forest belt, 
traverse the forest belt but the area of highest snow- 
with horizontal direction | drifts is still near the forest 
unaltered; wind permeabil- | belt. 
ity coefficient is 0.3- 

0.5. 

Wind- Overlayer canopies are Area of minimum wind velocity on 

transparent | relatively dense, while leeward side of forest belt 
the lower portion appears at point 5-10 times the 
(height 1.5-2 m) has very | height of forest belt, and there 
large wind gaps; there is | is no great lowering of wind 
no undergrowth or shrub- velocity, which increases within 
bery, and most of the the forest belt; snowfall distri- 
airflow traverses the bution is extremely uniform, with 
forest belt through the maximum snowdrift height appear- 
lower wind gaps; wind ing at a point 5 times the height 
permeability coefiicient of the forest belt 
0.5-0./. 

Avera rind velocity (m/sec) in forest belt height 

*Wind permeability _ range on leeward edge of forest 


coefficient 





Average wind velocity (m/sec) in equivalent height 
range on unforested land 


2. Field=Protecting Fo Lan 


(1) Forest Belt Direction: it is best if the direction of the forest belt 
is at a 90° angle to the cardinal wind direction. However, due to the 
regular variation of wind direction at various localities, in designing 








the forest belt the major harmful wind direction is considered together 
with terrain, land utilization, drainage and irrigation systems, and long- 


range land-use planning. 
belt is not less than 45°. 


However, at a minimum, the angle of the shelter 
Because the direction of harmful wind is not 


fixed, in addition to the creation of the primary forest belt, it is also 
necessary to create an auxiliary forest belt perpendicular to it. 


(2) 


Forest Belt Width: 


In order for the forest belt to be effective ia 


protecting fields, its width can be determined on the basis of wind damage 


conditions aad land-use planning. 


The width of the primary forest belt is 


generally 10-20 m, and the width of the secondary forest belt is 5-10 m. 


(3) 


Belt Spacing: 


(a) The effective range of protection of a forest belt is generally 
expressed as a multipie of the average height of the principal tree 


species of which it is composed, generally 15-25 times. 


Forest belt 


spacing at various locations is determined according to forest belt 
structure, belt height, climatic features, characteristics of agricul- 
tural production, and other local factors. 


(b) 


The spacing of primary forest belts is generally 200-400 ma, while 


the spacing of secondary forest belts is generally 1,000-2,000 m. 


(4) Tree Species of Mixed Type and Mixed Forest: 


The method of mixed 


type and coordinating of tree species is the foundation for the composi- 


tion of the forest-belc structure. 


This is generally divided into prin- 


cipal tree species, auxiliary tree species, and shrub tree species 

according to the different locations and functions of tree species in the 
The following three types are arrived at based on the char- 
acteristics of mixed tree species: 


forest belt. 





Type 


Characteristics 


Suitable conditions 





Mixed tree 
and shrub 


Formed of trees and shrubs in 
definite proportion, with the 
latter constituting 1/2-2/3; 
when the forest belt is very 
wide, a dense-structured 
forest belt is formed. 


In regions where soil erosion 
is severe; to lessen surface 
runoff and improve the soil, 
dense-structure forest belts 
can be created. 





Mixed scio- 
phytes and 
heliophytes 





Formed of principal and auxil- 
lary tree species in definite 
proportion; when forest belt 
is of medium width, a wind- 
permeable forest belt is 
formed. 





Suited to comparatively good 
forest plant conditions and 
areas where winter snowdrifts 
are numerous, such as the 
chernozem region of northeast 
China. 





796 











Table (Continued) 








Type Characteristics Suitable conditions 
Combined Formed of principal and auxil- |Suitable for field-protecting 
mixed type | iary tree species and shrubs forests in various regions. 


in definite proportion, and is 
actually a combination of the 
above two types; under mediun- 
width conditions, a loose- 
structure forest belt is 
formed. 











3. Examples of Mixed-Type Field-Protecting Forests 


(1) Mixed Sciophyte-Heliophyte Forest Belt (Wind-Transparent Structure) 
With Larix gmelinii as Principal Tree Species: 





Component Tree Species: Larix gmelinii and other shade-resistant tree 
species. 





Suitable Regions: Regions with cold climate, littie snow accumulation, 
and comparatively good forest plant conditions, such as western 
Heilongjiang. 








bh ——11 m ——} 
o Larix gnelinii ® Tilia mandschurica 





Figure 12-1. Mixed Sclophyte-Heliophyte Belt With Larix 
gmelinii as Principal Tree Species 





(2) Combined Type Mixed ‘orest Feit (Loose Structure) With Poplar (or 
Robinia pseudoacacia) as Principal Tree Species: 

Component Tree Species: Vorious especies of poplars and shrubs. 
Suitable Regions: Variocus regions suited to poplar growth. 
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© Populus cathayana @ Lespedeza bicolor 








Figure 12-2. Combined Type Mixed Belt With Poplar as Principal 
Tree Species 


(3) Mixed Tree and Shrub Forest Belt With Ulmis pumila as Principal Tree 
Species: 


Component Tree Species: Principal tree species is Ulmis pumila, auxiliary 
species are Malus baccata and other shrubs. 


Suitable Regions: Regions with dry and cold climate and low underground 
water, such as Inner Mongolia and dikes in Hebei. 
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Figure 12-3. Mixed Tree and Shrub Belt With Ulmis la as 
Principal Tree Species 


(4) Tree-Shrub Mixed Forest Belt With Juglans mandshurica (Gleditsia 
sinensis) Open-Canopy Tree Species as Principal Tree Species: 


Component Tree Species: Juglans mandshurica and comparatively tall and 
large auxiliary trees and shrubs. 


Suitable Regions: Regions with dry and warm climate and comparatively 
high underground water, such as the north China plain. 
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© Juglans mandshurica @ Amorpha fruticosa x Salix matsudana 











Figure 12-4. Tree-Shrub Mixed Belt With Juglans mandshurica as 
Principal Tree Species 


(5) Corridor Forest Belts With Fast-Growing Tree Species: 


Component Tree Species: Fast~growing tree species with tali trunks, 
together with comparatively slow-growing and long-lived evergreens. 


Suitable Regions: Suitable for utilization in forest steppes or northern 
portions of steppes; not suited to arid regions. 
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© fast-growing tree species oprincipal tree species 
“% auxiliary tree species @ shrub 


Figure 12-5. Corridor Fleld-Protecting Forest With Fast-Growing 
Tree Species 


(6) Forest Belts With Fruit Trees: 


Component Tree Species: ‘opiar species and shrubs, plus such fruit trees 


as peach, plum, Elaeagnus oopustivolia, red date, Zanthoxylum bungeanum, 
Crataegus pinnatifida, Prunus sibirica, Prunus pseudocerasus, and mulberry 





on the sunward side of the forest belt as local conditions permit. 
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Figure 12-6. Field-Protecting Forest With Fruit Trees 
Ii. Creation of Other Protective Forests 


l. Ditch-Protecting Forests, Road-’rotecting Forests: The creation of 
ditch-protecting forests can strengthen the banks of irrigation and drainage 
ditches, allowing them to work at maximum effectiveness. The creation of 
road-protecting forests can protect railways, highways, and tractor road- 
beds in order to guarantee normal year-round vehicular transportation. 

When carrying out land-use planning, farme should appropriately combine 
planning for ditches, roads, and protective forest belts. 


2. Soil- and Water-Conservation Forests: In mountainous and hilly 
country subject to soil erosion, the soil is generally poorer, moisture 
conditions are deficient, and weeds cze numerous; soil conservation 
forests should be created. However, it is necessary to pay attention to 
the following problems: 


(1) For soil conservation forests, tree species which are resistant to 
drought and poor soil and which have strong adaptability and developed 
root systems should be selected. 


(2) The land should be thoroughly prepared and pits to store water should 
be dug prior to afforestation. 


(3) Healthy young seedlings should be used to create the forest, or 
superior seed should be directly sown, and all should be watered. 


(4) When soil erosion is severe, forest belts should be slightly wider 
(20-40 m); or when creating timber exploitation forests, the orientation 
of the forest belt should conform to contour lines. 


(5) After afforestation, it is necessary to loosen the soil, weed, and 
care for the trees. 


3. Sand-Stabilizing Forests: In regions where there is shifting sand, 
the climate is arid, there is little rainfall and a great deal of evapora- 
tion, wind damage is severe, and the temperature difference is great. Thus, 











for sand-stabilizing forests, tree species which meet the following 
requirements should be chosen: 


(1) Species which are resistant to drought and poor soil, which can with- 
Stand aeolian erosion, and which when covered with shifting sand can grow 
adventitious buds and also grow and develop normally. 


(2) Select bushy perennial tree species with numerous branches and large 
canopies, which have developed root systems, and which can withstand high 
desert temperatures. 


(3) Select easily propagated and highly adaptable tree species such as 


Elaeagnus angustifolia, Populus simonii, Populus pyramidalis, Salix 
matsudana, Tamarix chinensis, Populus diversifolia, Celtis bungeana (7), 
Caragana sinica, Artemisia salsoloides, and Calligonum mongolicun. 


In desert afforestation, the following measures must be properly grasped: 


(1) Select tree seedlings raised from seed which have long tap roots, 
numerous lateral roots, thick ground diameters, healthy trunks, and are 
of drought-resistant habit. Specific requirements for tree seedlings are 
as below: 











Ground Root 
Tree species Seedling diameter length 

ase (cm) (cm) 

Elaeagnus angustifolia i-2 0.7 45 
Populus simonii 1-2 0.7 45 
Hedysarum scopariun | 1 0.5 50 
Ning tiao [1380 2742} | 1 0.5 50 
Haloxylon ammodendron (7!) 1 0.4 50 
Calligonum mongolicum 1-2 0.4 50 
Artemisia salsoloides 1 0.4 45 














(2) Desert afforestation density is generally 660 plants/mou for trees 
and 1,000 plants/mou for shrubs and underbrush. 


(3) The forest may be stec in either the spring or the autumn season, 
but autumn afforestation ‘tter in places where the water table is low. 


(4) During afforestation it is necessary to achieve deep planting (not 


less than 50 cm), firm tarnmioug, .ittle exposure (15 cm seedling stem 
height), spread roots, ‘. seediings, and other technical requirements, 
and to make lattice-shaped san barriers. 


(5) In caring for the young forest, timely inspections and repair of sand 
barriers must be made, aiong with timely supplemental replanting. 


(6) Afforestation by direct sowing may be attempted in places where con- 
ditionc are relat ge Vs — 
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Methods of Cultivating Several Kinds of Special-Use Economic Forests 


I. Camellia sinensis [Tea] 





Tea may be cultivated at elevations below 1,000 m in warm, moist climates 
on gentle slopes iu virgin or mature acid soil. If cultivated on virgin 
hill soil, terraced fields should be made and deep-plowed for soil matur- 
ing 1 year ahead of time. 





Figure 12-7. Camellia sinensis [Tea/j 





--seed; 2--fruit; 3--branch 


1. Storing of Tea Seed: If the tea seed cannot be timely sown, it must 
be stored to prevent excessive water loss which affects ics germinating 
ability. Best results are obtained with the wet-sand storage method: 


thoroughly mix tea seeds with 3-5 times the amount of wet sand, adding 
water while mixing until the sand is moist but no water {s visible, then 
spread e.enly on the floor indoors to a depth of around 30 cm, blocking 

on all sides with bricks or boards; then cover the top with 3-5 cm of fine 
sand. Later, sprinkie + water every 7-10 days to maintain constant 


moistness of the tine sa 


2. Seedling Cultivation and Transplanting: Fertile land with loose soil 
should be selected for the seecline nursery, and after thorough plowing 
and preparation, make seec it 1.3 m wide with furrows about 35 cm 
wide and 15-20 cm dee; ent the seeds from September-November or from 
the last 10 days of Februsry to around 20 March of the following year. 
Dibbling is the best method oi planting, with a row spacing of 20 cm, a 


hole spacing of 8 cm, and 4-5 seeds used for each hole. After sowing, 











cover with earth to a depth of 2-3 cm followed by a thin grass mulch, 
which should be removed in the evening after 50 percent of the seeds have 
sprouted. Hand-weed 1-2 times prior to seedling cultivation, and after- 
wards, pay strict attention to cultivation and weeding. Make two applica- 
tions of follow-up fertilizer in the form of thin nightsoil or 10-15 
catties of ammonium sulfate per mou. If the seedling nursery is dry, 

it should be irrigated in the evening, and the soil should be timely 
cultivated and loosened to avoid hardening. After 1 year's growth, the 
tea seedlings can be transplanted with soil attached to the roots. First 
dig holes along the tea rows according to proper plant spacing, apply base 
fertilizer, and cover with about 5 cm of earth so that the tea roots will 
not contact the fertilizer and be burned. Plant 2-3 seedlings per hole 

up to the necks of the roots, fill in the holes with fine soil and press 
firm with both hands, give one adequate watering and bank up the soil. 


3. Direct Sowing: In tea fields with comparatively good soil structure 
and loose soil, tea seeds can be sown directly. In general, spring sowing 
is from the last 10 days of February to the middle 10 days of March, and 
autumn sowing is from September-November. With a row spacing of 1.5 m 

and a plant spacing of 30-35 cm, dig holes along the tea row. The size 

of the holes is determined by the number of fertilizer applications. Base 
fertilizer is put in the bottom of the holes (and mixed with phosphate 
fertilizer, 30-100 catties per mou). On top of the base fertilizer is 
placed 3-5 cm of fine earth. Five to six tea seeds are sown in each hole 
and then covered with 2-3 cm of earth. Rice traw or other straw is used 
as a mulch to prevent hardening of the soil which would affect sprouting. 


4. Care and Management: Cultivation and weeding of the tea plantation 
must be done 5-4 times a year, i.e., before and after spring tea picking, 
after summer tea picking, and after autumn tea picking. For directly sown 
tea plantations, cultivation and weeding must be increased by 1-2 times 
that year. Interrow tillage must be deep to ripen the soil and conserve 
moisture. Apply as much organic fertilizer and phosphate fertilizer as 
possible to promote tea-tree growth, increase tea-leaf yield, and raise 
tea-leaf quality. Organic fertilizer is best applied as a base ferti- 
lizer in November-December in conjunction with deep cultivation of the 

tea trees at a rate of more than 100 scoops per mou, with 30-50 catties 

of phosphate fertilizer per mou applied mixed with compost. Follow-up 
fertilization of the tea garden is best done each cime tea buds begin to 
sprout, i.e., when the "fish leaves" have opened, with 3-4 applications 

of follow-up fertilizer being made a year, 10-20 catties of ammonium 
sulphate per mou being applied each time. Choose a time before or after 
rain for application of follow-up fertilizer, digging a trench 5-10 cm 
deep on both sides beneath the crowns of the trees and filling it in after 
fertilization. 
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5. Pruning and Picking 
(1) Pruning and Picking of Young Tea Trees 


First Pruning--At general care levels, when the tea tree is fully 2 years 
of age, the first pruning is done between the last 10 days of February 
and the first and second 10-day periods of March. Pruning height is 
15-20 cm from the ground. It is necessary that the cut slant inward, and 
the first lateral branch is left below the cut. 


Second Pruning--Done 1 year after the first pruning with hedge trimmers. 
Pruning height is 15-20 cm higher than the original cut; it is necessary 
that the crown of the tree be trimmed off flat. 


After two prunings, the main branches of the tea tree will have taken 
shape, and topping and picking may be begun. At spring picking, 2-3 
leaves are left above the cut, and at summer picking 1 leaf is left; pick 
1 bud and 2-3 leaves, and do not pick autumn tea. 


Third Pruning--Done 1 year after the second pruning. Pruning height is 
15-20 cm above the second cut, and the crown of the tree must be pruned 
to an arch. Picking method: for spring tea, leave two leaves above the 
cut, for summer tea, leave 1 leaf, and for autumn tea, leave the "fish 
leaves," picking 1 bud and 2-3 leaves. 


Fourth Pruning--Done 1 year after the third pruning. Pruning height is 
5-10 cm above the third cut, and the tree must be pruned into an arch. 

Picking method: leave 1 leaf for spring and summer tea, and leave the 

"fish leaves" for autumn tea, picking 1 bud and 2-3 leaves. 


(2) Pruning and Picking Mature Tea Trees 


Pruning--The pruning of mature tea trees includes light trimming, heavy 
pruning, and lopping. Primary for young and sturdy tea trees is light 
pruning to increase the density of vegetative branches on the picking 
surface and increase the bud-growing ability of the vegetative branches. 
For half-aged or aged tea trees, heavy pruning or lopping must be carried 
out in order to reshape the old tree crown and restore the growth of the 


tea tree. Light pruning of tea trees is generally done once a year from 
the last 10 davs of Febru to the first 10 days of March. The height 

of each pruning is 3-5 cm the preceding cut. Thus after several 
years, a large quantity of ‘chicken-claw branches” will have appeared on 
the picking surface, causing a reduction of yield, and it becomes neces- 
sary to carry out a deep proening, cutting away part or all of the 
“chicken-claw branches. .ty pruning or lopping of tea trees is deter- 
mined by the degree of sonescence of the tea tree. If the tree is old but 


the branches are not, and their bark is green, heavy pruning can be car- 
ried out; this is the cutting away of all branches above 30-40 cm from 
the ground. If the tree is old and the branches are also old and have a 




















dull color with rough bark, then lopping should be done. This is cutting 
eff all the branches zbove 5-10 cm from the ground. Heavy pruning or 
lopping is done from the last 10 days of February to the first 10 days of 
March, and may also be done after spring tea-picking. The cuts must be 
clean and smooth, slanted inward, and after pruning attention must be 
given to increased care and fertilization and rational picking and nurtur- 
ing in order to rapidly restore the crown of the tea tree. 


Picking--Artificially cultivated tea trees will have 4-5 cycles of apical 
growth per year; these are divided according to the tea seasons, the first 
cycle being spring tea (March-May), the second and third cycles being 
summer tea (June-July), and the fourth and fifth cycles being autumn tea 
(August-September). The sprouting of tea buds in each cycle, the rapidity 
of growth, and the size of the leaf buds are all closely related to tempera- 
ture, moisture, and nutrients. Generally, if the temperature is high and 
soil moisture and nutrients adequate, the tea buds will grow rapidly and 
leaf buds will be sturdy. Leaving the appropriate number of leaves on the 
tree during the course of picking can raise both yield and quality of tea 
leaves. If too few leaves are left, it will be greatly injurious to the 
tea tree, and bountiful yields cannot be sustained; if too many ieaves 

are left, then because the above-ground and below-ground portions of the 
tea tree will be in a state of balanced growth, budding density will be 
decreased, affecting the yielc. In red and green tea regions, it is 
generally suitable to leave one leaf in summer tea-picking and to leave 
the “fish leaves” in spring and autumn tea-picking. In addition, the 
picking of tea leaves must be divided into several batches and done on a 
number of occasions to avoid taking all the leaves at once regardless of 
their size. 





5. Intercropping the Tea Garden 


For young tea gardens, early-ripening leguminous crops with a short growth 
period or short-stemmed crops may be chosen for intercropping, and in the 
winter season green manure (such as Tecoma grandiflora [7] [an herbaceous 
annual with purple flowers, used for green manure], peas and broad beans) 
may be intercropped, plowing it under at the appropriate time to serve as 
a base fertilizer. A certain distance must be kept between the inter- 
cropped crops and the tea trees. 


Il. Camellia oleifera [Teaseed Oil Tree] 





Camellia oleifera is a perennial oleaginous tree, a heliophyte which 
grows well when cultivated on southern or southeastern slopes; its fruit 
has 1 high oil content. For growth, C. oleifera requires a warm, moist 
climate, and it is suited to growth in thick, fertile, well-drained, 
slightly acid arenaceous soil. 
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Figure 12-8. Camellia oleifera 





l--vegetative branch; 2--fruit 


1. Collecting Seeds: A young and healthy mother plant of superior 
variety and bearing copious fruit, and which is growing on a sunny slope, 
should be selected for collecting seeds. Collect seeds from large fruits 
with many seeds and thin, reddish skin. After bringing back the seeds, 
spread them in the shade to dry, and after they split open, sift-select 
the seeds which are large, full, and have black coats. After air-drying, 
mix with sand and store. 


2. Cultivation of Seedlings: For the seedling nursery, select loose, 
fertile soil, apply base fertilizer abundantly, and sow the seeds in the 
winter or early spring in wide strips, the strip width being above 10 cm, 
row spacing about 15-20 cm and a sowing quantity of 200-250 catties per 
mou. The plants are removed from the nursery after 1 year's growth. The 
per-mou yield is 25,000-30,900 plants taller than 30 cm. In addition to 
raising seedlings from sown seed, the short-stem cutting method may also 
be used to raise seedlings. 


3. Afforestation: Transplant on a sunny day or after a rain in the 
spring. Before transplanting, dig holes and prepare the land. Each hole 
should be 70 cm square anc 35 cm deep. Eighty to 120 plante are trans- 
planted in each mou, singly, and with a row spacing of about 3 m and a 
plant spacing of about 2.5 m. For afforestation through direct sowing, 
7-8 seeds are sown in each hole at a depth of 5-10 cm and covered with 
3-5 cm of earth. 


4. Tending: The young grove should be tended twice each year, the 
first time in April-May and the second in August-September. The main 
concern is weeding and loosening the soil. In the early stage, legumes, 
peanuts, or green fertilizer may be intercropped. Compost is applied 
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each winter to promote good growth and hasten flowering and fruiting. 
Also, the trees should be trimmed and shaped. 


III. Aleurites fordii [Tung Oil Tree] 





Aleurites fordii is a shallow-rooted perennial oleaginous woody plant, a 
deciduous heliophyte suited to growth on sunny leeward slopes or piedmont 
areas. It requires thick, loose and fertile arenaceous soil. 





Figure 12-9. Aleurites fordii 


l--fruiting branch; 2--seed 


1. Seed Collection: For seed collection select a healthily growing 
mother plant of a superior variety which has a high individual yield. 
Generally, for "three-year tong" choose a mother plant of 4-8 years’ 
growth, for "five-year tong” choose a mother plant of 6-10 years' growth, 
and for "thousand-year tong” choose a mother plant of 12-15 years’ growth. 
After the fruit ripens and falls, collect it from the ground, pile it up, 
and cover it with rice-straw so that the pericarp will rot and the seeds 
come out. After shade-drying, mix with sand and bury, or store dry. 


2. Sowing Afforestation: Thoroughly prepare the land before sowing. 
Dibbling is the sowing method most often used; the holes are 35-40 cm in 
diameter and 20 cm deep, and are cushioned on the bottom with fine top- 
soil. Two to three seeds are sown in each hole and covered with earth 
5-6 cm in thickness. Seeds stored mixed with sand have developed young 
sprouts by the time of spring sowing, so the time is just right for 
planting. Dry-stored seeds are to be soaked for 3-4 days before sowing, 
and the soil cover should be a little thicker. The sowing period is 
February-March. For “three-year tong" plant 40-60 plants per mou, and 
for “thousand-year tong" plant 33 plants per mou. Seedlings can also be 
used for afforestation. 
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3. Care and Management: Weed and loosen the soil in Marc -May and 
September-October each year after planting. For sown forests, seedlings 
are to be thinned in conjunction with the final weeding in the autumn, 
leaving only one plant in each hole. After Aleurites fordii has grown 
for 2-3 years, branch pruning should be done, cutting away excessively 
long branches, excessively dense branches, and diseased branches and 
allowing the branches to expand outward to form a good crown and increase 
fruiting quantity. A. fordii groves may be intercropped with suitable 
agricultural crops for increased gain. Tillage and fertilization and 
other field management is beneficial to the growth and fruiting of A. 
fordii. 








IV. Sapium sebiferum Roxb. [Tallow Tree] 





Sapium sebiferum is a heliophytic woody perennial oleaginous plant which 
likes a warm climate and copious rain; it may be planted next to rivers 
and on dikes, plains or slopes. 








Fieure 12-10. Sapium sebiferum 





1. Seed Collection: Sapium sebiferum blooms in June-July, and the fruit 
ripens in October-Novemb« e seed can be collected when the pericarp 
is black‘sh-brown and has split te reveal white-colored seeds. When 
collecting the seeds, choose a healthily growing medium mother plant of 
superior variety which \+ een growing for 15-30 years and which fruits 


abundantly. 


2. Cultivation of Seedlings: Choose for a seedling nursery a sunny area 
with moist, fertile and wel) -drained arenaceous soil. Thoroughly prepare 
the land before csovwine. , ‘ent base fertilizer to make a good 
seed bed, and use rood * seed-dewaxing treatment. Sow the seed in 
February-March in a quantity l5-25 catties per mou. Use the strip- 
sowing method, with one seed furrow 3 cm deep every 15-20 cm; sprinkle the 


seeds evenly in the furrow and cover with 1 cm of fine earth followed by 














a rice-straw covering. Sprouts emerge 20-30 days after sowing. Thin the 
seedlings from May-August, weeding once each month and applying follow-up 
nightsoil or other fast-acting fertilizer to promote the growth of the 
seedling trees. On the average, each mou of seedling plot can grow 

30 ,000-35,000 seedlings. 


3. Afforestation: Transplant from February-March, planting 60 plants 
per mou. Row and plant spacings are each 3 m. For afforestation by 
direct sowing, plant 3-5 seeds in each hole. 


4. Care and Management: Fundamentally the same as for Camellia oleifera 
and Aleurites fordii. When pruning the branches, remove all small branches. 





Principal Diseases and Insect Pests in Forestry and Their Treatment and 
Prevention 


I. Insect Pests 


Scarab 





Occurrence Regularity: One generation each year or every few years; 
overwinters in the soil as larva or adult. Adult emerges from the soil 
and is active from March-September. Most injurious in April-May, when 
the adult emerges from the soil at twilight, is active at night, and 
disappears back into the ground near dawn (Anomala rufocuprea is also 
injurious during the day). The adult insect feigns death, and falls from 
the tree when the trunk is shaken. 





Figure 12-11. Scarab 


l--adult; 2--larva 
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Damage Characteristics: Species of scarab are numerous, and they are 
omnivorous. The adult insects are mostly injurious to the tender roots 
of young seedlings, causing the mature seedlings to wither, yellow and 
die. In supplemental feeding the adult insect eats and damages tree 
leaves or gnaws the root epidermis of trees. 


Methods of Prevention: (1) Deep-plow and prepare the land in winter. 

(2) Apply 2-3 catties of 6 percent benzene hexachloride powder to the soil 
in conjunction with land preparation and sowing. (3) Poison bait: 50 
catties of wheat bran or rice chaff, mixed with 1-2 catties of 6 percent 
benzene hexachloride powder. Add a smail quantity of water and stir, and 
then apply to the soil or put into holes when sowing. (4) Capture and 
kill the adults by hand, or use 6 percent wet' benzene hexachloride 
mixed with 200 parts of water or 800-1,000 parts 40 percent dipterex to 
spray on the leaves of the plants which the insect likes to eat to kill 
the adults. 


Agrotis ypsilon Rott. 





Occurrence Regularity: Two to five generations per year, with old and 
mature larvae overwintering in the soil; the adult is strongly phototactic. 





Figure 12-12. Agrotis ypsilon Rott. 
l--adult; 2--egg; 3--larva; 4--pupa 


Damage Characteristics: Juits are injurious to all kinds of tree seed- 
lings. The larvae are ective at night, biting off young seedlings 1-2 cm 
above the ground and pulling them down into the ground to eat, which 
creates severely uneven seeuling beds. 

Methods of Prevention ) ».ater plowing, spring plowing, and catching 
and killing adult insects. (2) Treating the soil with 6 percent benzene 
hexachloride as for scara! (3) Poison bait: 100 catties of cottonseed 
meal plus 4-6 catties of w le 6 percent benzene hexachloride. Mix 
with a smail amount o! sou otic, and then sprinkle 4-5 catties on 
each mou of seedling bed. (') Spray the tree seedlings with 200 parts 


25 percent DDT emulsion. 





Gryllotalpa africana Palisot de Beauvois (African Mole Cricket) 


Occurrence Regularity: One generation occurs per year, overwintering as 
adults and nymphs; they can be injurious from March-November of each year. 
The adult hides by day and comes out at night, and it is phototactic. 





Figure 12-13. Gryllotalpa africana Palisot de Beauvois 


Damage Characteristics: Damages tender stems and roots of young tree seed- 
lings and sown seed. 


Methods of Prevention: (1) Practice crop rotation in the seedling nursery 
and deep-plow the soil. (2) Treat the soil with benzene hexachloride 
powder as for scarab. (3) Poison bait: 100 catties of wheat bran mixed 
with 2 catties of 6 percent wettable benzene hexachloride powder. Add 

100 catties of water and mix well, and sprinkle around the young seedlings 
at twilight. (4) Lamp luring and killing: Set up a basin of water in the 
seedling plot, dropping onto the surface of the water a few d.ops of 
kerosene. Place a lamp in the middle of the basin to lure snd kill insects. 


Dendrolimus punctatus 





Occurrence Regularity: Two to three generations o cur per year, over- 
wintering as larvae in pine-needle clusters or c.acks in bark. Becomes 
active and seeks food in February-March of er a year, and spins a cocoon 
in April-May. The first generation of larv.e appear in May-June, the 
second generation appears in July-August, and the third generation appears 
from September to April of the following year. Because of the complexity 
of generations, there are injurious adults in all months except for the 
overwintering period. 


Damage Characteristics: Primarily injurious to Pinus massoniana as adults 
eating the pine needles. When damage is severe, the needles of pine 
forests are entirely consumed as though burned by fire, and whole swaths 
of trees wither and die. 
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Figure 12-14. Dendrolimus punctatus 


l--adult; 2--eggs on pine needle; 3--egg (enlarged); 
4--larva; 5--cocoon; 6--pupa 


Methods of Prevention: (1) Create mixed conifer-broadleaf forests. 

(2) Pick eggs and cocoons, and catch and kill adult insects. (3) Lamp 
luring and killing of adult insects. (4) Spraying each mou with 2-3 
catties of 6 percent benzene hexachloride powder or 2.5 percent dipterex 
powder. For whole stretches of tali, dense pine forest, 1 catty of 
benzene hexachloride fog can be applied per mou. (5) Biological control. 
Spray with Beauveria bassiana whose mycelia contain 10 billion fungi per 
gram mixed with 100 parts of water for control. 


Dioryctria splendidella H.S. 





Occurrence Regularity: One to two generations occur per year, and over- 
winter as larvae in the tips of branches. Adults appear from April to 


September and are phototactic. 








Figure 12-15. Diloryctria splendidella H.S. 
J buat .~~larva 
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Damage Characteristics: Larvae gnaw the tender insides of the branch tips 
of Pinus massoniana, P. tabulaeformis, P. thunbergii, or Cunningharia 
lanceolata, causing the branch tips to break off, the lateral branches to 
become bushy, the trunk to become bent, and malformed growth. They are 
also injurious to the cones, affecting seed quality. 


Methods of Prevention: (1) Create mixed forests. (2) Manually remove 
the damaged branches before April each year to exterminate the over- 
wintering larvae. (3) Chemical control: At the height of adult emergence, 
spray tips of pine branches with 50 parts 25 percent DDT emulsion or 

6 percent wettable benzene hexachloride powder once every 10 days, which 
will kill the adults after 3-4 sprayings along with the eggs and newly 
hatched larvae. (4) Since the adult insects are phototactic, lamp luring 
and killing may be employed. 


Leucoma salicis L. and Leucoma candida Staudinger 


Occurrence Regularity: One generation occurs per year in Heilongjiang 
Province. The 2-3-year-old larvae overwinter in cracks in bark, holes 

in trees, and beneath piles of leaves, climbing and damaging the trees at 
the end of April. May is the height of the damage period, and during the 
first 10 days of June the insects begin to pupate, emerging in the middle 
10 days of June and laying eggs on the trunks, tender branches, and the 
dorsal side of leaves of the trees. The new larvae develop slowly, enter- 
ing the overwintering state at the end of August or the beginning of 
September. 





Figure 12-16. Leucoma candida 
l--adult; 2--larva 


Damage Characteristics: Injurious to poplars and willows in Northeast and 
Northwest China. When severe, the eating of leaves by the larvae may kill 
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the tree. Leucoma candida larvae hide in piles of leaves under the trees 
or in cracks in the bark by day, climbing and injuring the trees only at 


night. 


Methods of Prevention: (1) Spray tree crowns with solution of 1,000 parts 
80 percent dipterex, 500 parts 50 percent dipterex, or 300 parts 50 per- 
cent wettable DDT, which can kill the 5-6-year-old larvae. (2) Spray or 
dust the ground around the tree with benzene hexachloride or DDT powder. 
(3) Kill the larvae with a preparation of green caterpillar bacteria [qing 


chong jun]. 
Euproctis pseudoconspersa [7] 


Occurrence Regularity: Three to four generations occur each year, over- 
wintering as eggs. The larvae have the habit of hiding by hanging down 
on filaments in cool, shady places around noon on hot, sunny days. Old, 
mature larvae pupate in the loose soil, withered branches and leaf-fall 
layers beneath the trees. 


Damage Characteristics: Primarily injuri ws to teaseed oil trees, minly 
as larvae cating the leaf blades; can als> « mage tender branches and 
shoots, blossoms, and young fruit. 


Methods of Prevention: (1) Two to three generations of pupae are exter- 
minated during the course of soil-banking at the time of care and manage- 
ment from July-September. (2) Chemical control: Fog with 200-250 parts 
6 percent wettable benzene hexachloride powder or 1,500-2,000 parts 

50 percent dipterex emulsion; 1 catty of laundry soap mixed with 100-200 
catties of water or 1 catty of derris powder mixed with 300-400 catties 
of water and sprayed will kill the larvae. 


Monema flavescens Walker 


Occurrence Regularity: From north to south, one to a sumber of genera- 
tions occur per year, overwintering as mature larvae in cocoons. Forms 
cocoons in the forks of branches, pupating in April-June of the following 
year. Adults appear in June, laying eggs on the leaf blades. In the 
south, June-July is the damage period of the first generation of larvae, 
and August-October is the damage period of the second generation of larvae. 


Damage Characteristic: tajuerious to poplars, willows, elms, apple trees, 
Camellia oleifera, persimmon, Firm Simplex, Pterocarya stenoptera, and 
other such trees as larvae esting the leaf blades. When severe, all the 
leaves may be consumed from the trees. 


Methods of Prevention: i, Plek and burn the cocoons in winter. (2) Dur- 
ing farm—clearing, spray 1. peiceat venzene hexachloride powder on the 
larvae. (3) Fog with 800-1,000 parts 80 percent dipterex. 











Figure 12-17. Monema flavescens Walker 


l--adult; 2--larva; 3--cocoon formed on branch 


Biston marginata 


Occurrence Regularity: One generation occurs each year, overwintering as 
pupae in the soil. It begins to emerge and lay eggs from the last 10 days 
of February to the first 10 days of March the following year, and in the 
first 10 days of April the larvae emerge and cause damage. In the winter 
they overwinter in the soil as pupae. The adults do not possess strong 
flying ability, and the larvae have the characteristic of dangling from a 
filament when cold. 





Figure 12-18. Biston marginata 
l--adult; 2=--larva; 3-—pupa 


Damage Characteristics: Primarily injurious to Camellia oleifera, also 
damaging Aleurites fordii, Sapium sebiferum, Acacia confusa, and tea trees 


830 





as lervae damaging the leaf blades. In major outbreaks, whole stands of 
Camellia oleifera are denuded. The damaged fruits fail to ripen or fall 
off, and the trees will not fruit for 1-2 years. If damage continues for 
2 years, the trees may die. 





Methods of Prevention: (1) Deep-plowing and soil-banking in winter to 
destroy the pupae. (2) Catching the moths by hand, scraping off the eggs, 
and collecting the larvae. (3) Fog with 200-400 parts 6 percent wettable 
benzene hexachloride powder. 


Buzura suppressaria benescriptia 





Occurrence Regularity: Two to three generations occur per year, over- 
wintering as pupae in the soil and emerging in April of the following 
year. The first generation of larvae are severely injurious in May-June. 
It pupates in the last 10 days of June. The second generation of larvae 
appears in August, and pupates in September to overwinter. If three 
generations occur, then the pupae of the second generation emerge and lay 
eggs during the first 10 days of September. The larvae appear during the 
first 10 days of October and pupate to overwinter in November. 








Figure 12-19. Buzura suppressaria benescripta 


l--adult male; 2--ege; 3--larva; 4--female pupa 


Damage Charecteristics: Larvae eat the leaves of Aleurites fordii, and 
also are i:.jurious to Camellia oleifera, C. sinensis, Rhus verniciflua, 

















Sapium seoiferum, Diosryres kaki, Biota orientalis, pine, and fir. In 
major outbreaks the iea rees are entirely consumed, which 
affects tree growl ind fruit quality. 

Methods of Prevention: 1) For Aleurites fordii groves over 3 years of 
age, carry out cultivat t »yver the soil in March-April and June- 
July of each year eta the pupae in the soil. (2) Fog with a 
solution of 300 parts 6 percent wettable benzene hexachloride powder, or 


250 parts 25 percent DDT emulsion or 1,000-2,000 parts 80 percent plus 
crystalline dipterex. 








Ilcerya purchasi 





Occurrence Regularity: Two to three generations occur yearly, over- 
wintering as nymphs on the tree trunks. There are few male insects, 
reproduction being primarily through solitary females. Its famine- 

withstanding ability is strong. 





Figure 12-20. Icerya purchasi 


Damage Characteristics: Damages a broad variety of tree species, all as 
nymphs and female adults clustering on the branches and trunks, the leaves, 
or the tender branch tips, and sucking the sap, causing the damaged 
branches and leaves to yellow and wither. 


Methods of Prevention: (1) In the winter season, spray with a solution 

of 8-10 parts turpentine mixture of 1-3° Baume lime sulfur mixture. 

(2) Protect "“tiandi dahong” lady beetles and Australian ladybirds [Rodolia 
(Novis) cardinalis]. 


Tea~Seed Weevil 


Occurrence Regularity: One generation every year or every 2 years, over- 
wintering in the soil as larvae or adults. The larvae are injurious from 
September-November. The adults have the characteristic of feigning death, 
and are not very active. 





Figure 12-21. Tea-Seed Weevil 


l--adult; 2--larva 
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Damage Characteristics: Larvae damage the seeds of Camellia sinensis and 
C, oleifera. 








Methods of Prevention: (1) Manually catch and kill the adult insects. 
(2) Pick fruits earlier as appropriate to prevent the larvae from enter- 
ing the soil and overwintering. (3) Soaking the seeds in warm water will 
kill the larvae. (4) When the adult insects first begin to appear during 
the middle and last i0 days of May, spray the ground of the tea garden 
with a solution of 300 parts 25 percent DDI emulsion or 100 parts 6 per- 
cent wettable benzene hexachloride powder to kill the adults emerging 
from the soil. 


Anoplophora (= Melanauster) chinensis 








Occurrence Regularity: One generation occurs per year, overwintering 
within the trunks of trees, pupating in the spring of the following year, 
and beginning to emerge in May. Adults appear in great numbers from June 
to July, gnawing grooves in the bark of tree trunks within 50 cm from the 
ground and laying eggs therein. The eggs hatch in July-August and meta- 
morphose into larvae which bore into and damage the xylem, where they 
overwinter. 





Figure le-.c. Anoplophora chinensis 





uit 22; j3--larva; 4--pupa 








Damage Charictertst to Casuarina equisetifolia, poplar, 
Grevillea robusta, helia asedarach, etc., as larvae which bore within the 
trunks of the trees, creating tunnels and lowering the quality of the 
timber. The aduit insec' .ortical layers of the tender branches 
unks, affect tree. 

Methods of Preveniton | L.ape away the eggs and young larvae. 

(2) Manually catch and kili ¢t adult insects. (3) Whitewashing the tree 
trunks can prevent the aculls trom laying eggs. (4) Make a toxic paste of 


one part 6 percent wettab] n iexachloride powder and one part mud 














plus a suitable amount of water, and stuff it into the bore holes to kill 
the larvae. 


Termite (White Ant) 


Occurrence Regularity: Lives in colonies, building nests where it is damp 
underground or in trees; besides consuming wood and the root systems of 
crops, it also eats the excrement and corpses of its own kind, and divides 
and swarms when the weather is muggy during the stormy season from April 
to August each year, establishing new nests. 





(irae: 





soldier 








long-winged 
reproductive 


Figure 12-23. Termite 


Damage Characteristics: Adult insects consume the branches, trunks, and 
root systems of numerous species of trees such as pine, fir, camphor, and 
eucalyptus, as well as lumber for construction, hollowing and rotting it. 


Methods of Prevention: (1) Piled timber should be kept ventilated and dry 
to avoid its being consumed by termites. (2) Make a chemical powder with 
35 percent arsenous acid, 50 percent mercuric chloride, 10 percent salicylic 
acid, and 5 percent ferric oxide (red arsenic) (in the winter season it is 
better to add a small amount of sulfur powder), and dust it into termite 
nests or onto termite trails with a pointed-tip duster. (3) Luring and 
killing with wood bait: In the forest, dig a trench SU cm wide, 1 m long, 
and 70 cm deep, into which is placed wood or branches which termites like 
to eat; sprinkle with rice broth or dilute brown-sugar water, and cover 
with rice straw or other debris. After about 1 month, when a termite 
trail is discovered, dig a small hole on a trail frequented by termites 
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for applying insecticide, and after placing the insecticide, fill in the 
hole. Since termites have the habit of eating the corpses of their own 
kind, [the poison] will spread among them until the entire nest has died. 
Il. Diseases 

Damping Off (Rhizoctonia) 

Occurrence Regularity: Occurs and spreads readily during the spring and 
summer when it is hot, overcast, and rainy in plots with poor drainage. 


Injurious to young pine and fir seedlings. 


Symptoms: (1) Sprout-rotting type: After the seeds are sown, the young 








seedlings are damaged and rot before they emerge from the soil. (2) Damping- 


off type: After the young seedlings emerge from the soil, their stems rot 
at the base before lignifying. (3) Standing-blight type: After lignifica- 
tion of the seedling stems, the cortex of the stem base rots, withers, and 
dies, but there is no lodging. 


Methods of Prevention: (1) Practice crop rotation in the seedling plot, 
raise seedlings in elevated beds, apply sufficient base fertilizer, select 
superior varieties, sow earlier as appropriate, and nurture healthy’ seed- 
lings. (2) Chemical prevention: After the young seedlings emerge from 
the soil, spray once a week with a 1:1:1,000 Bordeaux mixture for preven- 
tion. After the disease occurs, pull up and burn diseased plants right 
away. 





"Lou eediing Standing Blight 


l--lodged dis 1 Pinus massoniana seedling; 
2=-rotting ( portion of P, massoniana 
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Occurrence Reguiarity: | re and spreads in small, weak tree 
seediings during the iv iry weather of spring and autumn 




















Figure 12-25. Pine Seedling Needle Blight 


1--diseased Pinus massoniana seedling; 
2--enlargement of diseased needle 


Symptoms: Afflicted seedlings first develop grayish-brown disease splotches 
on the basal needles, which spreads to the upper needles; the dead needles 
are covered with alternating black and brown sections, and on the disease- 
blotched black sections there are numerous small black spots arrayed in 
longitudinal rows. After the disease spreads to the top needles, the tree 
withers and dies. The dead needles droop but do not fall off. 


Methods of Protection: (1) Practice crop rotation and intercropping in the 
nursery, deep-plow in winter, increase the application of organic ferti- 
lizer, pay attention tc irrigation, and prevent dryness. (2) Pull out 
diseased plants to prevent the spread of the disease. (3) Spraying once 
every half-month with a Bordeaux mixture of 1:1:100-200 parts or 0.3° Baume 
lime sulfur mixture is of definite effectiveness in protecting new needles. 


Pine Seedling Red Blight 


Occurrence Regularity: Readily occurs and becomes epidemic when tree seed- 
lings encounter high temperatures and dampness during the summer and 
autumn seasons. 


Symptoms: Afflicts fir seedlings and cypress seedlings, first invading 
the tender needles at the tops of the seedlings. In the beginning, 

purplish-brown disease splotches occur on the needle blades, which then 
gradually wither and die. When occurring in cypress, the needles at the 
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branch tips first show a dull green color and curl inward; the dead needles 
are mostly black, with a minority purplish-browmm. Finally, black spots 
appear on the disease splotches. 


Methods of Prevention: (1) Rotate conifers and broadleaf trees in the 
nursery. (2) Burn diseased plants. (3) Take appropriate measuies io 
shade the trees. (4) Spray once every 10 days with a 1:1:1°0 Bordeaux 
solution 2-3 times in succession, or determine the number of sprayings 
according to how the disease seems to be developing. 


Anthracnose of Teaseed Oil Trees 


Occurrence Regularity: Occurs throughout April-October, and is most severe 
from July-September. 





diseased diseased 
leaf fruit 


Figure 12-26. Anthracnose of Teaseed Oil Trees 


Symptoms: Injurious to fruits and leaves of teaseed oil trees. The 
damaged fruit first produces around its edges a ring of circular disease 
mottling which is comparatively dark in color and which has in its center 
a somewhat lighter circular patterning. Then, on the disease-mottled 
portion there occur small black spots in a circular arrangement, and in 
the final stages, shakes or longitudinal fissuring occur on the disease 
mottling, and the diseased fruit falls from the tree. The mottlings on 
the leaves are basically the same as those on the fruits. 


Methods of Prevention: (1) Properly carry out plant care and restorative 
cultivation during the autumn and winter seasons in conjunction with the 
collection and disposal of diseased fruits and leaves on the trees. 

(2) Breed disease-resistant varieties. (3) Spraying with 0.3° Baume lime 
sulfur mixture has a protective effect, and spraying “teaseed cake water" 
(1 catty teaseed cake plus 10 catties water) or “peach-leaf water" 

(1 catty peach leaves plus 10 catties water) is of definite effectiveness. 
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Leaf Spot of Tea [Phyllosticta theaefolia] 


Occurrence Regularity: Pathogen overwinters on diseased leaves and is 
transmitted by rainwater. Outbreaks are severe when it is hot and damp. 
It occurs more often in the fields during summer and autumn, and occur- 
rences are most severe in low and marshy terrain and in poorly drained 
and densely planted tea gardens. 


Symptoms: Disease mottlings often begin on the tips and edges of the 
tea leaves, subsequently enlarging into circular, semicircular, or 
irregularly shaped brown mottlings which later turn grayish-white; also 
produced are concentric circular patterns on which small black spots are 
arrayed. 


Methods of Prevention: (1) Intensify care and management and properly 
carry out drainage work to increase disease resistance. (2) Spray with 
0.6-0.7:1:100 Bordeaux solution or 65 percent zineb or 400 parts 24 per- 
cent “miejun dan" [germicidal pellets] for prevention. 


11310 
cso: 4007 


838 











CHAPTER 13: SCIENTIFIC EXPERIMENTATION IN AGRICULTURE 
Study of Large Field Production 


The study of large field production is a key sector in the close coordina- 
tion between scientific experimentation and farming practice. Field study 
not only is the basis of scientific experimentation but also the criterion 
for promoting research results. The wealth of experience in large field 
production should be scientifically summarized and refined. Thus field 
studies can keep agricultural scientific experiments from being divorced 
from practice thereby avoiding or reducing uncoordinated and unbalanced 
farming management and |give) more effective guidance to scientific farn- 
ing. Similarly, only by emphasizing analysis and study in production 
practice and summarizing experience can the level of farming be steadily 
raised. 


I. Type of Field Study 


By purpose and subject matter, a field study usually divides into cate- 
gories on land use, crop breeding and special subjects. 


1. Land use: Often the method relied on in this type of study is the 
establishment of a land file. Annual records by individual plots includ- 
ing land area, crops planted, cultivation, fertilization, management 
measures (including quantity, time and operation quality), variations in 
land fertility and salt content, weed infestation and calamities due to 
drought or flood are set up. The land file may contain accumulated data 
on land use, farm capital construction, crop arrangement and rotational 
planning. Moreover, cultivation and planting records of individual plots 
can help in analyzing and summing up field experiences in a given year. 


2. Crop breeding: Individual plot records including crop selection 
period, growth potential, number of seedlings surviving, situation of 
overwintering and greening and genetic resistance to lodging, insects, 
disease and other natural calamities are to be set up. In addition, 
include harvest yield forecasts, seed examination, and yielde of plots. 
This data is necessary in overseeing the current year's production and 
summarizing past experiences. 
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3. Special subjects: Here the aim is studying and clearing up important 
field problems. The items studied differ. For example, a cultivation 
study aims at not only understanding crop germination but also soil 
physical chemistry, and the structure of the tilled stratum. A disease 
and insect study aims at understanding such outbreaks. 


Il. Method of Field Study 


l. Three-in-one combination of leadership, masses and technicians: Any 
observation, investigation, analysis and conclusion should be conducted 
seriously, rigorously and with a practical attitude. Analyze special and 
general features, eliminate bias and avoid mistaken conclusions. 


2. Check systematic study data: A common method is type-by-type sampling 
or observation at fixed points depending on field conditions. The specific 
content and goal of study should be determined by the purpose of the study. 
For example, a study of special subjects should center on related items 
for close correlations and analysis. A general study on crop germination 
and field practice should cover a full range of items in a systematic 
investigation. In mastering the current production situation, investiga- 
tion and understanding of crops must include the growing period both 
germination and growth as well as the quality and soundness of cultivation 
management. The study is recorded on field files for ready reference in 
summing up crop-growing experience. 


3. Combination of test sites and fields for thorough study and compari- 
son: Comparisons should be used in large field studies so as to clarify 
problems and come to sound conclusions. In addition to the prior plan- 
ning and setting up of comparative test fields, fully utilize every type 
of natural comparison in the fields. However, pay attention that other 
conditions of two comparison plots must be identical (optimally, these 

two plots are contiguous). By a combination method of test sites and 
fields, phenomena and results in the comparison test fields are compared 
with other plots in extensive observation and verification. Only through 
test site-field combination and repeated verification can reliable results 
be obtained. There sre broad areas and complicated situations in large 
field production, which can provide much good contrast data in studying 
production. At times, special cases may be discovered in some small plots 
within large fields (unusually high or unusually low yields). This data 
should be fully utilized in summarizing experiences, which are required 
for comparative verification over a large area. Thus, from special to 
general cases and repeated summarizing of practice, production techniques 
can be steadily upgraded. 


4. Pay attention to typical features in sampling: Sampling when deter- 
mining data in large field studies may often affect the accuracy of study 
findings, depending on whether the samples are typical or not. So before 
samples are taken, the field situation should be understood well enough 

so that typical points are chosen. The number of points should be higher 
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for plots with complicated situations. In sampling studies the crop yield 
is a composite index of analysis and findings; the crop yield is also 
fundamental when farm practices are evaluated. It is best to harvest 

one crop per plot. Aliternatively, two methods can be adopted: the first 
method is the plot yield by actual seasurement and the second is taxing 
samples for indirect yield estimates, but the points selected must be 
accurate and reliable. Generally, the estimated yield is often 10 to L 
percent higher than the actual yield. An accurate discount percentage 

of the estimated yield can be assumed through experien 


(1) Estimated yield from yield measurement in small plots: wh a cro; 

is ripe, three to five typical points ace selected in a large fiel.. rc 
point represents a certain area surrounding the point or a certain number 
of plants with uniform growth (each point represents 30 plants of large- 

plant crops, such as corn and cotton). Harvest, hull anc measure the 


crop weight. Then obtain the per mou yield. The working formula is: 
Per mou yield = sample weight x | (area of each mou)/ (s: le area)|] 
or Per mou yield = sample veight x [(number of plants per mou)/ (number 


of sample plants) | 


(2) Indirect estimate of samples: Before the crop ripens, samples are 
taken along diagonals in the plot. Each point is 1 square meter for 
smali-grain crops, such as rice and wheat; each point represents 10 plants 
for large-plant crops, such as corn and cotton. Count the number of ears 
or cotton bolls of ail samples and then count the number of kernels per 
ear. For emall-grain crops, pick several spikes at random and count the 
number of kernels per spike; an average of kernels per spike is then 
obtained. For coarse grain crops, pick three plants at random and count 
the number of kernels; then an average of kernels per plant is obtained. 
The average output of each sample can be reached by counting the number 
of ears (or bolls), average number of kernels per ear, and weight of 
1,000 grains or number of kernels (or bolls) per catty. Then convert 
this number into per mou yield. The working formula is: 


For rice and wheat: 


Per mou yield (catty) * (number of spikes per square meter x number 
of kernels per spike x 666./7)/number of kernels per catty. 


or Per mou yield (catty) * (number of spikes per square meter x weight 
(grams) of kernels per spike x 666.7)/500 


For corn: 
Per mou yield (catty) = (number of ears for 10 plants *« number of 
kernels per ear x number of plants per mou)/ (number f hernel per 


catty x 10). 














For cotton: 


Per mou yield (catty) = (mumber of bolls for 10 plants x weight of 
a single boll x number of plants per mou)/(number of bolls per 
catty x 10). 


Footnote: Based on the weight of kernels or bolis of a particular crop, 
year in and year out, the number cf kernels or bolls per catty 
can be obtained (see tables on pages 399 and 400). Properly 
adjust the figure if this is a special case in that particular 


year. 
Ill. Analysis and Summary Data From Studies 


Large field practices are affected by many factors and the situation is 
complicated, therefore data compilation and analysis should be strict and 
detailed. Generally, these are the steps: 


(1) Systematically compile, calculate and check the study data. Classify 
and summarize data by distinguishing between major and minor factors and 
their accuracy. 


(2) After compilation, study the data closely to seek the relationship 
between factors. Repeatedly check and compare related data (including 

the appearance of the growing crop, yield factor, soil and climate) in 

order to derive recursion functions. Look out for bias. 


(3) Rely on the masses and hold a study meeting of experienced personnel 
for a full discussion. Study the problems from all angles, listen to 
experiences and examine findings after study and analysis. 


(4) Compile field experience or special studies in a summary report. 
Methods of Conducting Field Tests 
I. Basic Requirements of Field Testing 


Only if test results are accurate and reliable can they play a role in 
bringing about increased yields. Field test requirements include: 


(1) Stress accuracy throughout the testing process. Seriously observe 
and record field arrangement and cultivation management in the field to 
avoid human error as far as possible. Besides the test and comparison 
items, cultivation conditions and management measures throughout the 
test plot should be as consistent as possible. 


(2) Direct tests aimed at representativeness of local field conditions 
for continual fidelity to field practices. At the same time, better 
field practices should be considered. Test content and technical condi- 
tions should measure up to the requirements of steady progress. 
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(3) Tests must be held under responsible personnel for serious investiga- 
tions and close observation. Organize the masses to review the tests. 

. Accumulate data. In this way tests can be analyzed and scientific test 
results be obtained. 


(4) Because farming conditions vary in different plots and different 
years, often a test should be repeated in an area for more than 2 years 
te succession to evaluate multiple test points under different land con- 
ditions. In this way, test regularity can be obtained and reliable 


findings reached. 
II. Types of Field Tests 
1. Test Methods 


(1) Single-factor test: The test only studies the function of certain 
feraing techniques within comprehensive measures. For example, the 
vaclety test only deals with different varieties, while the density test 
deals with different densities.... This test is procedurally simple with 
sharp contrasts, so its results are easily reached. 


(2) Multiple-factor test: A test studies more than two technical meas- 
ures for their interaction and common function within comprehensive 
measures. For example, a test studies adequate density for different 
fertilization levels. This type of test is comparatively complicated, 
but it can explain interuction and cross effect between different meas- 
ures. Usually, a comprshensive study of multiple factors is based on 
individual previous single-factor tests. 


2. Test Plots 


(1) Small plot comparison test: A small plot is less than 50 square 
meters. This small area results in similarity of soil fertility, con- 
venient m*nagement, detailed investigation and observation and compara- 
tive high accuracy. However, Secause the area is small, its field 
climate and management conditions differ considerably from actual field 
practice and the emall area is generally not typical of a large field. 
Test reliability can be enhanced only by replicated plots. Most smali 
plot comparison tests are used for crop varieties, sowing period, ferti- 
lization and pesticide effect comparisons, as well as the preparatory 
tests cf cultivation and tilling. Test results of small plots generally 
should be verified in field tests. 


(2) Large plot comparison (field) test: Each test plot measures about 
l mou. The test method is simple and is strongly representative. Test 
results are clear and feasible for demonstration and propagation with few 
replicated plots or even none at all, however, soil fertility should be 
homogeneous and management identical. Most large plot tests are used 

for comprehensive bumper harvest tests, cultivation tests as vell as 
demonstration tests of crop varieties and manure (or compost) production. 
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Iii. Division of Test Site and Arrangement of Fields 
1. Selection of Test Site and Crop Rotation 


Competent selection of the test site leads to test accuracy. These prob- 
lems should be stressed when selecting test sites: 


(1) Level terrain: The best test site is a plain. If it is a sloping 
field, the slope direction should be consistent ard the grade unifors. 
Catchment drains should be dug above the test site to prevent water 
erosion. 


(2) Typical plot: Whatever the relief, soil quality, fertility and 
cultivation conditions, the test site should be representative of the 
land and natural conditions in the test area. 


(3) Unmifore soil fertility: Over the entire test site, soil fertility, 
previous harvest, cultivation quality, irrigation and drainage conditions 
and fertilization level in previous years should be consistent without 
manure piles, manure residue, ditches and pits. 


(4) Open topography: The test site should not be affected by trees, 
houses, rivers and ponds. Moreover, the site should be free from damage 
caused by man, animals or fowls. 


In addition, the test site is best used permanently. Carry out crop 
rotation on different plots using rational rotation and uniform ferti- 
lization. Thus, uniform land fertility is guaranteed and test results 
are accurate and reliable. 


2. Treatment, Comparison and Replication of Tests 


(1) Treatment of test site: A “treatment” represents the content of the 
test. For example, in tests of the sowing period, each different sowing 
period is a treatment. The number of treatments in a test is determined 
by the requirements of production and the subjects examined, generally 
five toe 10 treatments. Too many treatments not only make management 
difficult but also occupy too much land and [cause] nonuniform soil 
fertility which will lower test accuracy. 


(2) Setting up control plots: Usually control plots should be estab- 
lished in each test as a standard for comparison of different treatments. 
This is a basis for evaluation. Generally crop variety tests use superior 
varieties which are widely cultivated locally as controls. The cultiva- 
tion test should use the current cultivation measures in the local area 
as the control. Fertilization effectiveness tests require a ylot without 
fertilization as control. 
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(3) Number of replications: Replication” is the numb of ail plots 
planted in each test treatmen Ine replication meaus a treatment with 
only one small plot planted; two replications mean on: iatment with two 
small plots planted, and so on. Usually, it is | to three 
replications in order to eliminate or avoid test e1 
tility or human error. Thus, test accuracy can be e 
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3. Area and Shape of Small Test Plots 


Area and shape are determined by test content, crop varieti id land 
conditions. The test area for wide row, interrow til! , such as 
cotton anc corn, should be larger than the test area r ly sow 
crops, like wheat. Usually in plot tests, the plot terrow 
tilled crops is 30 to 50 square meters and the plot size for rice and 
wheat is about 15 to 30 square meter b} 
appropriately enlarging the p- re whi nd reas of 
diverse soil fertility. 


The plot should be rectangular. Thus, soil di 
management is easier. yeeneraily the width-length t referably 
1:5 to 1:10 


4. Arrangement of Test Are 


Comparison row method: nm nt iot is set uy t 
plots for comparison betwee: r t plots and the ontrol 
plots. Thus, test results ars mparatively accurate. ‘er, because 
many control plots require muc! i, this incre tt | i test 
work. This case is only applied in tests where a 
sought. Generally, tw > t plications ar ous [dent il 
treatment and control pilot: replications s! i 
arranged in a straight line. ather, these plots should | scattered 
and arranged in a zigzag wav, 2 iown in Figure 13-] tecause field 
tests take up large land are mparison row method is usually 
selecteu for easier comparison but replication may not be established. 
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Figure 13-1. Diagram Showin ’ jithin a 


Field in the Comparison Method 








The multiple-repiication method: The control is used as one treatment in 
a@ row-arrangement. Generally, there are two to three replications. One 
advantage of the multiple method is a smaller number of plots than in the 
comparison method. However, one disadvantage is that test evors cannot 
be reasonably estimated. So this method should infrequently be used for 
uniform soil fertility and small plots. The field arrangement of rows 
should stress dispersion and be zigzag, as shown in Figure 13-2. 
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Figure 13-2. Row Arrangement in Multiple Replication Method (1) 


Key: 
1, If and III are the replication a. Control 
times b. Protective row 
1, 2, 5,... denote particular 
treatments 


When there are many treatments, one control [plot] should separate every 
four small plots in order to correct yield diversity caused by soil dif- 
ferences. The row arrangement is shown in Figure 13-3. 
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Figure 13-3. Row Arrangement in Multiple Replication Method (2) 


Key: 
{, Il and III are numbers of replication a. Protective plot 
times . b. Protective row 
1, 2, 3,... denote particular treatments c. Coutrol 
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(4) In order to avoid mistakes in field tests and for convenience in 
observation and recording, plots over the entire test site should be 
numbered. Signposts are erected in front of the plots showing the par- 
ticular number and treatment procedures. 


IV. Operation and Administration of Tests 


1. Test plan: A detailed plan should be prescribed before a test. The 
main parts of the plan are test purpose, test content, treatment, mate- 
rials and methcds, the basic situat‘ton (preceding crops, soil quality, 
fertility, etc.) of the test site, row arrangemert and layout within the 
field, cultivation of test site, management measures, field investigation 
and items tc be recorded. 


2. Operational management: The farming operations from planting to 
harvcsting should stress test accuracy uninfluenced by human factors. 
Stress the following: 


(1) Carry out seed grading and treatment in advance. Accurately calcu- 
late the quantity and weight of the seeds to be sown according to the plot 
size and bag the seeds. Each plot number is marked on the bags to avoid 
mistakes. 


(2) In a test, operations such as sowing, fertilizing, weeding and inter- 
row tilling should be completed the same day. If these activities cannot 
be completed the same day, then the same operations on all plots ina 
replication should be completed the same day. 


(3) Weigh and apply manure, chemical fertilizer or agricultural chemicals 
uniformly among various plots to prevent burning the seedlings and damage 
from chemicals. 


(4) For treatment tests with different fertilizers and agricultural 
chemicals, the contiguous plots should be protected from the effects of 
drifting fertilizer and chemicals, especially on windy days. 


3. Observation and keepirg records: Test items should be supervised by 
responsible personnel who periodically observe and record to insure timely 
and accurate data handling. The personnel are to keep up field test data 
files, for preservation, compilation and analysis. The study records 
should be done timely, cerefully, accurately and consistently; timely 
compilation is the rule. 

4. Sampling method: Sample representativeness must be stressed. The 
common methods are: 


(1) Investigation by selecting samples at fixed points: Markings are 
made at fixed points depending on the actual field situation. Each 
investigation is conducted at fixed points. Two to three points can be 

















selected in each small plot. Generally, 50-cm dual rows are selected for 
each fixed point for wheat crops and 20 to 50 plants for interrow tilled 
crops. This method not only saves labor, but also favors systematic 
record keeping. 


(2) Random sampling and investigation: This requires many points 
adaptable to field testing or large-area technical studies (see Chapter 5, 
section on Seed Inspection for methods). 


5. Harvesting, seed inspection and conclusions: Conduct separate har- 
vesting and threshing in a number of test plots to insure accurate yield 
estimates. 


(1) Before harvesting, make preparations (such as tools and labels), cut 
stalks and rows which have been influenced by marginal effects or are at 
the plot edge. Exclude sectors that are affected by natural or artificial 
factors. (Exclusion is done only if necessary; the entire area should be 
excluded if the excluded part is more than 25 percent.) Measure the 
harvested area and collect sample seeds for inspection. 


(2) Harvesting on time: Harvest each area after the crop ripens. Work 
hard to insure harvest quality and avoid all harvesting errors. The 
number of harvested bundles should be the same for each treatment plot 
of a test. Two labels are attached to each bundle for reference. 


(3) Thresh the crop when the harvested stalks have been sufficiently 
dried. Strictly prevent confusion and mistakes. Seed inspection data 
should be accurate and reliable. 


(4) Analyze the test data, calculate the yield accurately, summarize the 
findings, and draw valid conclusions from the tests. 


V. Computation and Analysis of Field Test Yields 


l. Verification of actual yields: For accurate test results, verifica- 
tion should be conducted when the small plot yield is weighed. The weight 
should be according to the percentage of moisture in the seeds, that is, 
first calculate the actual percentage of moisture (see Chapter 5, section 
on Seed Inspection for measurement method). Then convert the small plot 
yield into the yield ‘or standard moisture percentage (14 percent for 
common cei1zals). This is the working formula: 


Smali plot yield (yield for standard moisture content) = [small plot 
seed yield x (1 - percentage of actual moisture content of seeds)]/ 
(1 - percentage of standard moisture content of seeds) 


Unit mou yield (catty) = (actual small plot yield ia catties x 666.7 
square weters)/(actual small plot area harvested ir square meters) 
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2. Amalysis of yield: There are different calculation methods for 
different arrangements of field rows. Even for the identical row method, 
there are different calculation methods. Here are illustrative examples: 


Comparison row yield analysis: A paddy rice variety test includes six 
varieties for three replications. The plot size is 33 square meters. 

The comparison row method is adopted. Steps in calculating and analyzing 
the yield are as follows: 


(1) By field row, list plot yields (as in the table below). 
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Key : 
a. Control b. Catties 


(2) According to the above-mentioned table, compile an analytical table 
(ouch ¢ #. the following) of yields for each crop variety. First add the 
small siot yields of the replications, then derive average yield from the 
treatment. Convert to the number of catties per mou. 
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(3) Compare with the average of contiguous control plots, in percentages. 
(4) Analyze the yield result. 


From the analysis of yields as shown in the table above, a significant 
gain in yield is shown for crop variety five, 11.1 percent better than 
the control. Next comes variety three with a yield gain of 5.19 percent. 
Varieties two and four are similar to the contro! variety while vartertes 
one and six show yields lower than the control. 


Multiple-replication row yield analysis method: The steps in the calcu- 
lation are basically the same as the comparison metiod, only with a change 
in step (3) of the control method to the following compare the average 
yields of crop treatments and the average control yield so as to find the 
percentage. Then the yield results can be analyzed. 


When there are numerous test treatments and a number of controls in a 
Single replication, the following calculation steps can be adopted. Be 
is an example: 


A test includes 12 crop varieties. Use the multiple replication method 
and set up one control for every five pists. For three replications (se¢ 
the table below), the yields are analyzed as follows: 

(1) First, the yield of a small plot ie cenverted to wield per aou 
Enter this in the table. Calculate the averaye yield of each treatment 
and the control replication. 


(2) Find the average yield of two controls before and after four treat- 
ments of a group. Then the theoretical yield of the control can be 
derived. For example, the table shows the first group as (697.3 4 
694.0) # 2 = 695.7. 

(3) In this group, compare the average yields for crop treatments with 
the theoretical yields of the controls to find the yie'd difference for 
each variety. For example, the difference for variety one te 712.7 - 


695.7 = 17.0. 


(4) Divide the difference in yield for each crop variety by the theoreti 
cal yield of the control to find the percentage of increase (+) or 
decvease (-) in yield. Then, analyze the yield result 


851 











(@) (aa & cm (bg mide owe We 


















































Lee Pe RAR NK C- 

i il rm | ra) Ur) (fr) Te 
LLL . 
(c)).4 j 742 a het i7 °° ern 

rae ae ne ee ee .| 5.0 | 413.7 
3 | tee oe | SB BOLO $7 Oe 
7 ~ ; 7+ 7 Mts : 782 eT 8 301.6 +4.6- 
(b) se re ne _ oe 
5 oe 7 | 604 60 11.3 6.6. 46 3 
ge _— T 66 | 656 685.0 705.7 7 25 
er eer es 
er er ee ee ere 
(p)eim | 720 | m2 | 60 TA7.B _ 
9. 580 762 : oa Tis o 17.7 +25 
9 726 120 a 764 786.7 | Gyo. 0.4 4 Tn 
11 j [Ta os. 826 TT 9 4 ie 
4g : 594 oo 616 ; $56.7 — 139 6 20.1 
(b) ‘ » 7 704 a 548 675 3 





Footnote: As mentioned above, the multiple-replication method is more 
accurate in calculation of the yields than the “step-by-step 
method." Since the computation is complicated, turn to the 
appropriate data if using it. 


Key: 
a. Crop variety f. Theoretical yield (catties) 
b. Control variety of control 
c. Variety g-. Difference (catties) between 
d. Replication (catties/mou) control 
e. Average yield (catties per mou) h. Increase (+), decrease (-) 2% 


and the given crop variety 


Recorded Items and Recordkeeping Methods in Test Investigatinns of Several 
Major Crops 


I, Paddy Rice 
(1) The sowing period is entered as year/month/day. 
(2) The seedling emergence period is determined visually. It tegins 


when 50 percent of the rice shoots have the first leaf blade *uerging 
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from the coleoptile. In direct sowing, the germination period begins 
when 50 percent of the seedlings appear at the surface. Enter as the 
month/ day. 


(3) The transplanting period is entered as the month,;day of actual 
transplanting. 


(4) The greening period is entered as the month/day when more than 50 
percent of the plants show the ieaf color turning from yellow to green, 
after transplanting. 


(5) The tillering period is entered as the month/day when more than 
30 percent of the plants have their first tillers emerging 1.5 to 2 ca 
from the leaf sheath. 


(6) The noding period is entered as the month/day when 50 percent of the 
plants display, above the ground surface, their first node--1.5 to 2 cm 
long. 


(7) The heading period is entered as the month/day when 80 percent of 
the plants show panicle tips emerging. 


(8) The ripen:ng period is entered as the month/day when more than 80 
percent of the hsien [xian] rice stalks or more than 90 percent of the 
kenge |geng}) rice stalks exhibit the inherent color and luster of the 
given variety and the grain hardness has reached its ripened extent. 
The cereal crop, then, can be harvested. 


(9) The harvesting period is entered as the month/day of the actwval day 
of harvesting. 


(10) Cold resistance is recorded as strong, medium and weak by o'werving 
leaf color, dead seedlings and growth after seedlings emerge folloving 
sowing and not long after the seedlings are attacked by cold. 


(11) The number of effective tiliers (number of panicles): Effective 
tillering is defined as tillers which have formed panicles, blossomed 
and have seeds. The average number of tillers is found by averaging 20 
plants. 


(12) Lodging: The extent of lodging is divided into four levels. 
Straight plants show an inclination of 0 to 15°; slanting plants--an 
inclination of 15 to 45°; falling plants--an inclination of more than 45°, 
where the top of the panicle touches the ground; recumbent plants--the 
whole stalk touches the ground. The area of lodgiug is recorded as a 
percentage of the entire field. 


(13) Shattering of kernels is recorded as difficult, easy and medium. 
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(14) Blasc of rice: . 


Rice leaf blast disease: percentars of diseased leaves = (number of 
diseased leaves/total number of leaves investigated) x 100. 


There are five degrees of severity of rice leaf blast. Stage 0 indicates 
leaves free from any disease. Stage 1 indicates fewer than five disease 
spots--the spot diameter on the leaves is less than 1 cm. Stage 2 indi- 
cates one of the two following cases appearing on the leaves. In the 
first case, there are more than five spots but the spot diameter is 
smaller than 1 cm. In the second case, there are fewer than five spots 
but spot diameter is greater than 1 cm. Stage 3 indicates more than five 
spots and the spot diameter on the leaves is greater than 1 cm. Stage 4 
indicates all the leaves are withering. 


Footnote: If there are acute disease spots, this is recorded as few 
(less than five spots) or many (more than five spots). 


Disease index = [the summation of (the number of diseased leaves at a 
particular stage x that stage's number)/(total number of leaves in- 
spected x 4)] x 100. 


The multiplier 4 in the formula represents Stage 4 which is the most 
severely affected. 


Rice panicle, neck and node blast: 


Pathogenesis (2) = (number of diseased spikes/total number of spikes 
inspected) x 100. 


Classification of severity of damage by rice panicle, neck and node blast: 
Stage 0 indicates free of blast. Stage 1 states that the blast ixfects 
fewer than one-quarter of the lateral stems or that spots appear at the 
neck of the panicles. Stage 2 tells us that more than one-quarter of the 
lateral stems are infected, the sid-portion of the main stem is infected, 
or the panicle neck is infected. Yield is only slightly affected. 

Stage 3 means infection at the middle portion of the main stem or panicle 
neck. Yields are markedly affected. Stage 4 means infection of the 
panicle neck with the formation of white head. 


Classification of the severity of rice node blast disease: 


Stage | points to local infection of nodes. Stage 2 indicates infection 
of the entire node or most of it. Yields are affected. Stage 3 indicates 
infection of the entire node or most of it. Yields are weverely affected. 


Disease index of rice neck blast disease = [the total of (the number of 
diseased spikes at a particular stage x the number of that stage)/ (total 
number of spikes checked) x 4) x 100. 
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(15) White withering or bacterial blight of rice: There are four levels 
of severity: Stage 0 means disease-free. Stage 1 says that diseased 
spots amount to less than one-fifth of the leaf area. ‘tage ¢@ tells us 
that diseased spots cover less than one-third of the lea! area. Stage 3 
indicates that diseased spots ac~zount for less than one-half of the ieal 
area. Stage 4 indicates that diseased spots cover more than three-fifths 
of the leaf area. To calculate the percentage of diseased 
the disease index refer to rice leaf blast. The percentage of disease in 
the field is divided into four stages (classification by visual estimat« 
throughout the field): Stage 0 is disease-free. Stage | means there is 
scattered infection |in the field] or a central diseased area. Stage 2 
says that the diseased area is about one-fourth the entire field. Stage 3 
says that the diseased area is about ome-half of the entire field. Stage 4 
tells us that the diseased area is about three-fourths of the entire ‘ield. 


leaves and 


Disease severity is divided into three stages (by visual estimate): 

Stage 1 (mild) means there are few diseased leaves or scattered diseased 
spots. Stage 2 (medium) means that over one-half of the leaves are dis- 
eased and one-third of the leaves are withered. Stage 3 (severe) means 
there is disease in all leaves and withered leaves account for two-thirds 
of the total. 


(16) Rice shoot height is entered in centimeters during transplanting. 
(17) Form of panicle: A panicle is called tight when the branches are 
close to the panicle axis in bundle form. The panicle is called loose 
when the branches are scattered. 


(18) The plant height is entered in centimeters. During the Initial 
wax ripe stage, gather 10 to 20 plants at random as a typ!cal sample. 
] ludine 


Measure from the ground surface to the top of the panicle (ex 
avns); this is the plant height. 


(19) The panicle length is expressed in centimeters. [his is the length 
from the base to the top of the panicle (excluding the awns). On ripen- 
ing, select 25 panicles and take the average value after isuring the 


panicle lengths. 
(20) Awns are divided into long, short and absence of avwne. 


\’1) The number of kernels per panicle is the total nus of fully 
developed hernele, empty kernels and partially developed hernels in a 
panicle. Pick 20 to 25 plants (or three to five clusters) excluding 
white panicles and semiwithered panicles dye to insects and disease. 
However, record the percentages of the number of white panicles and semi- 
withered panicles at the sample site. 


22) Percentage of empty kernels: This is the percentage of ply 
kerneis out of total number of kernels (including fully devi loped kernels, 
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empty kernels and partially developed kernels) for each panicle in an 
average sample. 


(23) Rice quality is recorded as high, medium or low grade depending on 
an evaluation of color, whiteness and quantity of broken kernels. 


(24) The weicht of 1,900 kernels is entered in grams. Pick 1,000 dry 
kernels at ran’‘ou and weigh them. Take the average of three weighings. 


(25) Number of panicles per mou: During the wax ripe stage, count the 
number of panicles per square meter. Take the average of five counts 
and find the average number of panicles per mou. 


(26) Percentage of effective tillering: During the wax ripe stage, count 
the number of effective tillers. Pick three to five sites along diagonals. 
Investigate 30 to 100 clusters. Find the average number. The formula is: 


Percentage of effective tillers = (total number of panicles per unit 
area/total number of tillers per unit area) x 100. 


(27) Yield of test field: Actual plot yield (excluding side rows if pos- 
sible) is converted into catties per mou (dry weight) according to plot 
size. Generally in a field test, record the key items such as the sowing 
period, seedling emergence period, transplanting period, heading period, 
harvesting period, lodging, plant height, number of effective tillers, 
number of kernels per panicle, weight of 1,000 kernels and yield. In a 
variety test, record more items such as greening period, tillering period, 
ripening period, rice cuality, cold resistance, loss of kernels and 
disease resistance. 


Il. Wheat 
(1) The sowiug period is recorded as year/month/day. 


(2) The seedling emergence period is entered as the month-day when more 
than 50 percent of young seedlings emerge from the ground. 


(3) The percentage of seed germination is calculated by the number of 
seedlings emerging fro. the soil (found by gultiplying the sown quantity 
by he number of seeds per catty). Three to five cites are taken for a 
sample with each site including two to three rows (rows are determined by 
sowing implements). Each row is 50 cm long. Usually, investigating 
within 10 days of the seedlings emergence from the ground is adequate. 


(4) The tillering period is entered as the month/day when more than 50 
percent of the plants, visually estimated, have their first tiller 
emerging from the leaf sheath. 
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(15) Drought resistance is observed visually. In the drought period, 
divide drought resistance ints tirvee levels—strong, medium and veak, 
based on curied leaf blades or extent of withered [fired] leaf blazzs at 
the base. If necessary, explain with literature references. 


(16) Lodging: The area of lodging is entered as a percentage of the 
total planted ares. The time of lodging should be recorded each time. 
Also recorded are causes of lodging such as wind or rain. The degree of 
lodging is divided into four levels: “"O"” is no lodging; "1" indicates 
plants lodged at not more than 15°; "2" indicates lodging not more than 
45°; “J” indicates lodging greater than 45°. 


(17) Shattering ts determined after ripening. It is divided into three 
classifications: “1” indicates tightness, the grain can be broken only 
by hand pressure; “2” incicates that the grain does not easily fali; 

“3” indicates that the grain falls easily. 


(18) Plant height is the height from the ground surface to the top of 
the spike (excluding awns). Inspect three sites which are selected as 
representative of the entire area. The average height is recorded. 


(19) Stalk regularity is divided into three categories: “1,” "2" and “3,” 
indicating respectively, regular, moderately regular and irregular stalks. 


(20) Awns are divided into four categories: awnlerr (lacking or with 
very short awns), tip awned (3 to 15 cm short awns a: the spike top), 
short awned (10 to 40 mm awns at top and bottom of the spike) and long 
awned (20 to 100 mm awns). 


(21) The hull is divided into hull with and without pubescence. The 
hull color is red, white or black. 


(22) Spike leng 4: Take samples at three to five sites. Each site 
covers at least 30 plants with large and emall spikes. Measure each 
spike length and find the average Length. 


23) Spike vegularity is divided into “1,” "2" and "3" representing 
respectively regular, moderately regular and irregular spikes, as classi- 
fied by spike length. 


(24) Spike form is divided into soindle shape (two tip terminals and a 
thick middle), rectangular shape (nearly equal thickness throughout the 
spike), inverted egg shape (large and dense in the upper part, mostly 
rod form) and ellipt/cal shape (short spike with wide middie). 


(25) The oumber of spikelets can ts counted by using the method in ites 


(22), above. Count the number of spikelets on each spike and /‘rd the 
average number. 
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(26) The density of spikelets is divided into dens edi ud sparse. 
The density can be obtained by dividing the number 01 spikelet y the 
spike length and expressing the unit in spikele r 

(27) The number of kernel; per spike is counte. by usi t 2thod in 
item (22), above. Count the number of grains -. spike and len get the 


average. 

(28) Kernel color is either red or white. 

(29) Kernel quality is divided into hard, medium and soft grades. Hard 
Oo 


grade indicates a high content of vitreous material and soft grade a high 
level of powdery substance. The medium grade is between the 
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(30) Kernel luster is classified by "1," "2" and "3" grades; grade "1" 
indicates good luster. 


ind "3": grade "1" 
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(31) Kernel regularity i: 
indicates regular kernel.. 

(32) Kernel fullness is indicated by grades "1," "2" and "3"; grade "1" 
indicates full growth. 


(33) Weight of 1,000 kernels: Select 1,000 wheat kernels at random and 
weigh them (grams). Repeat the weighing. If these two weighings are 
less than half a gram apart, then the average of the two is taken as the 
weight of 1,000 kernels. If the weight difference is too large, then 
take new samples and reweigh. 


(34) Insect and disease: 


Rust disease: The three types of rust disease are visually determined in 
recording the percentage of occurrence, degree of severity and reaction 
type. 


j 


The percentage of occurrence is the number of diseased leaves (stripe rust 


and leaf rust) out of the total leaves, or the number of diseased stems 
(stem rust) out of the total number of stems. The formu] is: 
The percentage of occurrence = |[(number of dif or stems)/ 


(total number of leaves or stems)} x 100. 


The severity is the percentage of the number of pustules [lit. spore piles] 
on the diseased leaves or stems out of the total field. The severity is 
expressed by seven levels: 1 percent, 5 percent, 10 percent, 25 percent, 
40 percent, 65 percent and 100 percent (for example, see the figure below 
for stripe rust). The entire leaf area is taken as the basis when 
recording stripe rust and leaf rust. For stem rust, check the area 
between the two nodes in the upper portion of stems. Estimate the 
severity. 
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5% 10% 25% 40% 65% 100% 


Figure 13-5. Recording Standard for Severity of Stripe Rust 
in Wheat 


Degree of severity (%) = [(degree of severity of a given level x nu 
ber of diseased leaves or stems at the given level) the total sum/ 
(total number of diseased leaves or stems inspected)! x 100. 


The reaction type indicates the degree of disease resistance of a wheat 
variety. Disease resistance is recorded by six levels of "0," "0;," "1," 
"2," "3" and "4." In each level, signs of (+) or (-) can be added to 
indicate the degree of resistance, such as "3+," "2++" and "1-." It is 
better to avoid recording as, for example, level "2-3." The classifi- 
cation of a reaction type is explained as follows: 


"O" is an immune type, i.e., showing no symptom and exhibiting only normal 
leaf and stem color. "0;" is a high resistance type. Different sizes of 
withered spots appear on leaves and stems without the appearance of summer 
pustules. 


"1" is a resistance type with a small number of small, intact summer 
pustules. Withered reaction appears around the pustule. 


"2" is a medium resistance type with relatively few summer pustules. The 
leaf or stem appearance is normal. Stripe rust which has long stripes 
may change to short ones but there are reactions such as loss of green 
and withering at both terminals and periphery; this limits the spread of 
pustules. There are relatively few summer pustules of stem rust without 
necrosis at the periphery. However, there are vivid green islands. 
Yellow necrotic rings appear outside each green island. 


"3" is a medium infection type. Pustule appearance is normal and its 
count is higher. There is the phenomenon of loss of green in the tissues 
of wheat leaves or stems surrounding the pustule. 


"4" is a highly infective type. Appearance of summer pustules are normal 
and their numbers are relatively high. Summer pustules of stem or leaf 
rust are larger. The color of leaf or stem tissues surrounding the pustule 
is normal without loss of green. 


Disease due to red mildew: There are four stages of severity. These 
stages are: Stage I indicates that less than one-fourth of the spikelets 
are diseased. Stage II indicates that one-fourth to one-half of the 
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spikelets are diseased. Stage III indicates that one-half to three- 
fourths of the svikelets are diseased. Stage IV indicates that more 
than three-fourt!s of the spikelets are diseased. The degree of 
severity is only estimated without counting. The method of calculating 
the percentage of disease infection and the disease index is the same as 
for rice biast. 


Other diseases: A disease due to loose smut [Ustilago Tritici] is 
recorded during the latter stages of flowering. Flag smut of wheat is 
recorded during heading. Disease due to stinking smut and nematodiasis 
are recorded during the wax ripening period. Record the percentage of 
disease infection for a certain number of spikes or stems. 


Insect damage can be separately recorded for different types of harmful 
insects. The following example is for wheat midge. 


Method for taking sample: Inspect the spikes in a typical field. Take 
samples at five sites, each site including five spikes for a total of 25 
spikes. Place the spikes separately into paper bags and return to the 
lab before examining the spikes to prevent the larvae from scattering. 
First, the number of wheat kernels is counted and then the number of 
larvae is counted. Be careful not to drop any larvae. include any 
larvae left in the paper bag in the number of larvae recorded. Use this 
formula: 


Percentage of infection = [(number of spikes with insects) / (number 
of spikes investigated)] x 100. 


The rate of loss for each site should be individually recorded according 
to the type of wheat midge. 


Percentage of loss from red wheat midge = [(number of insects 
examined in the spikes)/(number of kernels inspected x 4)] x 100. 


Percentage of loss from yellow wheat midge = [(number of insects 
examined in the spikes)/(number of kernels inspected x 6)} x 100. 


In the formulas, the numbers 4 or 6 in the expressions mean the assumed 
average number of larvae that can eat one wheat kernel (for different 
types of midges). 


Harmful underground insects: By visual estimate, determine which of the 
five stages of damage to record. Stage "0" means free of insect damage. 
Stage "1" means there is less than 5 percent damage from insects. Stage 
"2" means that less than 10 percent of the area is damaged. Stage "3" 
means that less than 20 percent of the area is damaged. Stage "4" means 
over 20 percent is damaged. 
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(35) Yield: The actual plot yield (excluding side rows if conditions 
are feasible) is based on catties per mou (dry weight). 


Generally in a field test, record the major points such as the sowing 
period, seedling emergence period, heading period, harvesting period, 
lodging, plant height, number of spikes per plant, number of kernels per 
spike, weight of 1,000 kernels and yield. In a variety test, more items 
are recorded such as the tillering period, number of tillers, greening 
period, noding period, ripening period, stalk regularity, spike form, 
spike length, awn, hull color, number of spikelets, kernel quality, kernel 
color, cold resistance, drought resistance, disease resistance and growth 
habit of young seedlings. 


IIIl. Corn 
(1) The sowing period is entered as year/month/day. 


(2) The seedling emergence period is entered as the month/day when 60 
percent of the seedlings are about 3 cm high. 


(3) Characteristics of young seedlings: During the three- or four-leaf 
period record the growth condition of young seedlings. For example, 
record leaf color as dark or light; stem color (i.e., the color of the 
leaf sheath) as purple or green; growth vigor as high, medium and low; 
leaf shape as broad and slender. 


(4) The tasseling period is entered as the month/day when 60 percent of 
the tassel is out of the flag leaf. 


(5) The pollen-scattering period is entered as the month/day when 60 
percent of the tassels begin to shed pollen. 


(6) The silking period begins when 60 percent of ears have silk appearing. 


(7) Plant height is entered in centimeters. This is the average height 
of 10-20 typical plants throughout the plot during the milk ripe stage, 
measured from the ground surface to the top of the tassel. 


(8) Stem diameter is entered in centimeters. This is the diameter of the 
third node (the thinnest one) of 10-20 typical stalks mentioned above in 
the milk ripe period. 


(9) Stalk regularity: This is the regularity (plant height, ear length 
and stem diameter) of plant growth in the entire area after the plants 
flower. Stalk regularity is represented by upper, medium and lower grades. 
Record during the milk ripe stage. 


(10) The average number of effective ears per plant: Successively count 


the total number of ears of 100 plants in a typical sector in the plot. 
The number is then divided by 100 (exclude the ears with no kernels). 
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(11) The percentage of plants bearing no ears: As stated above, out of 
the 100 plants count the number of plants not bearing ears and those 
which have ears but lack kernels. The number of plants is then divided 
by 100. 


(12) Number of plants: This is the actual number of plants or the calcu- 
lated number of plants in the whole area of harvest. 


(13) Percentage of breakage: Because of wind, insects or other calami- 
ties in the plot, the number of broken stalks in the middle or lower 
portions of the plant is expressed as a percentage of tiie total number 
of plants in the field. 


(14) Extent of lodging: This is the number and grade of lodged plants, 
expressed by "0" (absence of lodging), "1" (light lodging), "2" (moderate 
lodging) and '"3"" (severe lodging). The extent of lodging is recorded 
after a major wind and rain storm and before ripening. 


(15) Disease due to head smut: Record as the percentage or extent of 
infection of stalks ~ffected with Ustilago Tritici disease throughout the 
plot. The extent of infection is expressed by the four stages of heavy, 
medium, light, or zero (infection-free). 


(16) Other diseases: In this item is recorded the percentage of dis- 
eased plants or extent of plant infection over the entire plot. The 
recording method is the same as above. 


(17) Corn borer: Insect damage on the stalks and ears is based on the 
number of insect holes as well as the extent of damage to the tassels. 

The damage is expressed as heavy, medium, light or zero ‘free from any 

insect damage). 


(18) Other insect damage: Other insects, such as larvae of wireworm 
(cutworm), Gryllotalpa unispina Saussure, grub and chin-chen ch'ung 
[golden needle insect] can also damage the crop. Record this as heavy, 
medium, light and zero. 


(19) The ripening period is entered as the month/day when more than 80 
percent of the plants in the area have yellowing bracteal leaves and 
hardened seeds. 


(20) The harvestin period is the time when the field is harvested after 
the crop ripens. 


(21) Ear length is entered in centimeters. This is the average length 
of dry ears for the 10 to 20 typical plants mentioned above. 


(22) Ear diameter is entered in centimeters. This is the diameter of the 
mid-portion of the dry ear for 10 to 20 typical plants. 
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(23) Ear shape is in cylindrical, long cylindrical, conic, long conic 
er short conic forms. 


(24) The color of the cob appears as purple, red, pink or white after 
shelling. 


(25) The yield percentage of kernels: This is the percentage of kernel 
weight out of total ear weight. This percentage is obtained from the 
weight of the kernels of the first dry ear (of the 10 to 20 typical plants 
mentioned above) divided by ear weight. 


(26) The weight of 100 kernels is entered in grams by weighing 100 kernels 
at random after shelling. An average is taken from three to four weigh- 
ings. 


(27) The volumetric weight of the kernels is measured in grams of 1 liter 
of kernels. Repeat two to three times and take the average. 


(28) The kernel type is based on the kernel forms; flint, dent, semi- 
dent, semi-flint or sweet corn type. 


(29) Kernel color is light yellow, white, orange, purple or brown. 


(30) Kernel yield: Weigh the dry seeds after harvesting and shelling the 
ears in the plot. Find the yield in catties per mou. 


Generally in a cultivation test, record the main points such as the sowing 
period, seedling emergence period, tasseling period, earing and silking 
period, stem diameter, ripening period, average number of effective ears 
per plant, percentage of plants bearing no kernels, number of plants, 
percentage of broken stalks, extent of lodging, ear length, volumetric 
weight of the kernels, weight of 100 kernels and yield. In a variety test, 
also include such items as characteristics of young seedlings, percentage 
of kernel yield, type of kernel and colo: of kernel. 


IV. Gaoliang 
(1) The sowing period is entered as year/month/day. 


(2) The seedling emergence period is entered as the month/day when more 
than 50 percent of plumules emerge out of the ground over the entire plot. 


(3) Bulb color is green, red or purple. 
(4) The heading period is entered as the month/day when more than 50 


percent of the plants’ panicles in the area have emerged one-third to 
one-half our of the leaf sheath. 
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(5S) The ripening period is entered as the month/day when the seeds are 
hardened and cannot be crushed by hand pressure. 


(6) Plant height is recorded in centimeters. This is the average height 
from the ground surface to panicle top for 10 to 20 typical plants in the 
area. 


(7) The number of effective panicles per plant: Five sample sites are 
selected during the harvest. Each site includes 10 to 20 plants planted 
continuously in a row. The number of effective panicles is found by 
dividing the total number of plants bearing panicles by the total number 
of plants. 


(8) Number of plants per mou: First select sites with average row and 
stalk spacings. Then calculate the number of plants per mou. 


(9) Extent of lodging: Lodging means that the plant inclination is 
greater than 45°. By visual estimate or counting, record the percentage 
of lodged plants, indicated by "%."" Inspect during the ripening period. 
If temporary lodging occurs because of wind, rain or hail, observation 
and recording should be done after the calamity. 


(10) Disease damage is mainly due to covered kernel smut, loose smut 
and head smut. After heading, select five sites with each site covering 
10 to 20 plants. Calculate the percentage of diseased stalks. 


(11) Insect damage is recorded, according to the extent of damage as "0" 
(damage-free), "1" (light damage), "2" (moderate damage) and "3" (severe 
damage) grades. 


(12) Forms of panicles are recorded as tight, medium, scattered und 
broom. 


(13) Hull color is white, yellow, red, black or purple. 
(14) Kernel color is white, yellow, red or purple. 


(15) Kernel characteristics are divided into hard and soft grades. Hard 
kernels contain more vitreous materials while soft kernels have a more 
powdery content. Determine grades by cutting the grains with a knife or 
biting with the teeth. 


(16) Glutinous or nonglutinous characteristics: If the cross section of 
a kernel exposes much waxy material, the kernel is glutinous. A test 
solution is compounded by blending 1 gram iodine, 2 grams potassium 
.odide and 300 to 500 milliliters distilled water. The solution is 
dripped into sorghum starch. If a reddish-brown color appears, the grain 
is glutinous. If the color is dark blue or purplish-blue, the grain is 
nonglutinous. 
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(17) Weight of 1,000 kernels: Weigh 1,000 dry kernels in grams. Take 
two samples and average the readings. 


(18) Yield: The actual plot yield is recorded as catties per mou. 


Generally, in a cultivation test record the major facts such as the sowing 
period, seedling emergence perioc, heading period, ripening period, plant 
height, number of effective panicles, number of plants per mou, extent of 
lodging, weight of 1,000 kernels and yield. In a variety test, were items 
are recorded such as seedling color, panicle form, hull color, kernel color, 
kernel characteristics, glutinous or nonglutinous characteristics, disease 
and insect damage. 


V. Cotton 
(1) The sowing period is entered as year/month/day. 


(2) The seedling emergence period is entered as the month/day when 50 
percent of the seeds have sprouted in the area. Sprouting occurs when 
the two cotyledons grow into a horizontal position. 


(3) The blossoming period is entered as the month/day when 50 percent of 
the cotton plants in the area blossom with one or more flowers. 


(4) Bolls appearing before June: Count the number of cotton bolls before 
June. Record the average number of bolls per plant. 


(5) Bolls ir Jume: When the bolls appear in June (in some areas, as late 
as 15 August), count the number of bolls per plant. This is recorded as 
the average number of bolls per plant allowing for the subtraction of the 
number of bolls before June. 


(6) The open boll period is entered as the month/day when 50 percent of 
cotton plants have open bolls. 


(7) The cotton harvesting period is entered as the month/day. Record 
the date of each harvest. 


(8) Extent of full sprouting: The study is conducted during the full 
sprouting period. It is recorded in three grades. More than 90 percent 
germination is classified as the highest regularity. More than 50 per- 
cent germination is called normal; less than 50 percent seed germination 
is termed substandard regularity. 


(9) Percentage of shedding: From each small plot select 20 plants. 

Count the total number of unopened bolls (including the number that has 

been shed) and the number of unopened bolis which have been shed. 
Percentage of shedding = [(number of shed bolls)/(total number of 
unopened bolls)] x 100. 
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(10) The boll weight is entered in grams. Weigh 100 normal bolls of dry 
cotton fiber before the frost period. The weight is then converted into 
the weight of a single boll. 


(11) The number of bolls per plant: Select 20 typical plants in a plor. 
Count the total number of bolls and convert the number into the number of 
bolls per plant. 


(12) Plant height is recorded in centimeters. The length is measured 
from the node of the cotyledon to the plant's top after full growth. 


(13) The number of fruiting branches is the number counted after growth 
ends. The sample is selected from a plant which has not been pruned. 


(14) Plant types are classed as very tight, tight, loose and very loose. 





(15) Fiber length: Select one seed per healthy boll of unginned cotton 
samples. Measure the fiber length in millimeters and take the average 
fiber length of 10 to 30 seeds. 


(16) Percentage of ginned cotten: Select 200 grams of common unginned 
cotton as a sample. Weigh the ginned fiber in grams and compute the 
percentage of ginned fiber in the unginned cotton. Take the average 
percentage of one to two samples. 


(17) The weight of 100 seeds is entered as grams. 


(18) Disease resistance is classified as light, medium and heavy based 
on disease types and the occurrence situation. 


(19) Insect infestation: Based on the types and occurrence of insect 
infestation, the classification is light, medium and heavy. 


(20) Percentage of ungerminated seeds: Count the number of plants per 
unit area after germination and harvest. Then, based on the number of 
plants per mou for particular plant and row spacings, calculate the 
percentage of ungerminated seeds. Diagonal sampling can be used. 





(21) Number of plants per mou: This number is calculated from the number 
of plants in the plot. 


(22) Percentage of miscellaneous seeds: Select 500 seeds as a sample 
of mixed cotton seeds and pick out miscellaneous seeds (green seeds, 
seeds with little pubescence and seeds with no pubescence) for computing 
the percentage of miscellaneous seeds. 


(23) The yield is entered as catties per mou. Weigh the unginned cotton 
in the plot (excluding side rows if possible) and convert into the weight 
of unginned cotton per mou. In addition, calculate the weight of ginned 
cotton per mou, expressed in catties per mou. 
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Generally in a field test, record the main items such as the sowing 
period, seedling emergence period, sprouting regularity, blossoming 
period, open boll period, harvesting period, percentage of falling bolls, 
boll weight, number of bolls per plant, number of plants per mou and 
yield. In a variety test, more items are added such as plant height, 
number of branches with bolls, plant type, fiber length, percentage of 
ginned cotton, weight of 100 seeds and disease resistance. 


VI. Soybeans 
(1) The sowing period is entered as year/month/day. 


(2) The seedling emergence period begins on the date when 50 percent of 
the seedlings have emerged throughout the plot. 


(3) The initial blossoming period begins on the date when 10 percent of 
the plants blossom. 


(4) The vigorous blossoming period begins on the day when 50 percent of 
the plants blosson. 


(5) Flower color is white or purple. 

(6) Leaf form is long and slender, slightly narrow or wide. 
(7) Leaf size is classed as large, medium and small. 

(8) Leaf color is light green, green or dark green. 


(9) The ripening period begins on the day when 50 percent of the plants 
have fully ripe seeds which cannot be scored with the fingernail and the 
bean shape and seed coat have a normal appearance. 


(10) The harvest period is entered as the month/day. 


(11) Lodging: By visual observation, estimate the area and extent of 
lodging. The extent of lodging is classed as no lodging at all, slight 
lodging (not exceeding 15°), moderately heavy lodging (between 15° and 
45°) and severely heavy lodging (exceeding 45°). The time of lodging 
should also be recorded. 


(12) Pod splitting features are classed as the absence of pod splitting, 
pod easily splitting (partially splitting of pod upon hand contact after 
drying in the sun) and pod splitting (almost complete splitting of the 
pods when ripening). 


(13) The growth characteristics are classified as ecect [perpendicular 
to the ground surface], less than perfectly erect (wavering at the upper 
part of the plant), high degree of entangling, and growing along the 
ground surface. 
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(14) The pod-forming characteristics are classed as unlimited, somewhat 
limited anc limited. 


(15) The initial leaf-shedding period starts on the day that 10 percent 
of the plants have shed their leaves. 


(16) The final leaf-shedding period starts on the day that 80 percent of 
the plants have shed their leaves. 


(17) Plant height is the length in centimeters from the trace of 
cotyledons at the base of * “9m to the tip grovth point of the main 
stem. Measure the plants ‘ to two sites (each site includes 20 
plants) and take the average wi the readings. 


(18) The height of the bottom pod is the length in centimeters from the 
cotyledon trace at stem base to the lowest pod handle. Measure the plants 
at one to two sites (each site covers 20 plants) and take the average. 


(19) The number of the branches is those on the main stalk. Usually one 
to two sites (each site includes 20 plants) are measured and then take 
the average. 


(20) The number of nodes of the main stalk is counted from the cotyledon 
trace. Usually one to two sites (each site includes 20 plants) are meas- 
ured and then find the average. 


(21) The number of pods per plant: Usually one to two sites (each site 
includes 20 plants) are measures. Then find the average. 


(22) The number of beans per pod: This number is found by dividing the 
number of beans per plant with the number of pods per plant. 


(23) The bean shape is semi-elliptical, elliptical, long elliptical, 
round or kidney-shaped round. 


(24) Beae size is expressed in the weight (in grams) of 100 grains. 


(25) Grain color: For yellow soybeans, the color is yellow, light 
yellow, white-yellow, deep yellow or dark yellow. For black soybeans, 
the color is black or jet black. For green soybeans, the color is green 
or light green. There are other colors, such as brown and bicolored. 


(26) Germination is divided into good, medium or low. A good grade 
indicates germination above 90 percent; medium grade--70 to 90 percent; 
low grade--less than 70 percent. 


(27) Percentage of immature beans (%) = [(apparent uumber of [mature] 
beans - actual number of [mature] beans)/(apparent number of [mature] 
beans)] x 100. 








(28) Percentage of fully ripened beans (2%) = [(weignt of fully ripened 
beans in grams)/(sample weight in grams)] x 100. 


(29) Percentage of insect-damaged beans (2%) = [(weight in grams of 
insect-damaged beans)/(sample weight in grams)] x 100. Usually the 
sample weighs 200 grams. 


(30) Percentage of brown and bicolored beans (Z) = [(weight in grams of 
brown and bicolored beans)/(sample weight in grams)] x 100. Usually the 
sample weighs 200 grams. 


(31) The yield is recorded in catties per mou as calculated from the 
actual plot yield. 


Generally in a field test, record the major items such as the sowing 
period, germination period, vigorous blossoming period, plant height, 
number of pods per plant, number of seeds per pod and yield. Ina 
variety test, additional items are recorded such as pod splitting char- 
acteristics, growth characteristics, pod forming characteristics, height 
of bottom pod, number of branches, number of nodes, seed color, seed 
size, percentage of purple and bicolored beans and percentage of brown 
and bicolored beans. 


Common Test Techniques 
I. Determination of Dry Keight 


l. Baking method: Place a plant specimen in a baking oven, then heat at 
105°C to a constant weight. This weight is called the dry weight (or 
the absolute dry weight). 


2. Conversion method relying on wind drying: Wind drying can replace 
drying by baking when no baking oven is available. The conversion fac- 
tor varies with climatic conditions. Usually, sbsolute dry weight = 
0.86 x wind dried weight. 


Il. Determination of Leaf Surface Area 


1. Calculation based on formula: for gramineae crops--wheat, paddy rice 
and millet, the formula below can be used when calculating leaf area: 


Leaf area (in square centimeters) = (leaf length in centimeters x 
leaf width in centimeters)/1.2. 


Method: Select a typical plant specimen using 10 to 20 plants. The 
length and width of each green leaf are measured (measure across the leaf 
center when measuring width). Calculate by the above-stated formula to 
get the average leaf area of a plant. 
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2. Punching methoi: This method can be applied to Dicotyledoneae plants. 
Select at leas« 100 leaves with typical features from various places. A 
punch that has a known area is usec to punch hundreds of leaves before 
the dry weight is measured. The total area is divided by the weight to 
get the conversion coefficient (area per gram of weight). During deter- 
mination, first the total leaf dry weight is found. Then the dry weight 
is multiplied with the conversion factor to get the leaf area. This is 
the formula: 


Leaf area = dry weight x conversion factor. 


wecér iis method, it is not necessary to measure each leaf blade. In 
Sigi.tion, this method can also be applied to irregularly shaped leaves. 


3. Slide method: A slide with 1 cm? lattice (or 0.5 x 0.5 cm) is placed 
over a leaf. Count the lattice squares; this is the lea’ area. An esti- 
mate can be made for leaf margins occupying less than a lattice square. 


4. Calculation indexes: 


Leaf area per mou = number of plants per mou x average leaf area 
of a plant. 


Index of leaf area = leaf area (in sqvare meters) per mou/666.7. 
Ill. Determining Photosynthetic Productivity 


The dry matter accumulated per unit time per unit photosynthetic area is 
called photosynthetic productivity, or net assimilation rate. Produc- 
tivity is an important factor affecting yield and is also an important 
index in evaluating farming practices. Usually, the ratio between the 
increased weight of dry plant matter per day and the total area of green 
leaves is referred to as photosynthetic productivity expressed in grams 
per square meter. 


Method: During plant growth, a sample is taken after a certain number of 
days. Measure the total area of green leaves of a certain number of 
plants (or a wait area of land) and the total weight of dry matter in 

all tissues. Use the formula below: 


Photosynthetic productivity (grams per day per square meter) = 

[ (second measurement of dry weight in grams - first measurement of 
dry weight in grams)!/i{[(first measurement of total area of green 
leaves in square meters + second measurement of total area of green 
leaves in square meters)/2] x number of days between two measure- 
ments). 
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IV. Methoc of Preparing Specimens 


(1) Preparing a specimen with a clamp (specimen of wax leaves): A shook 
clamp and a piece of blotting paper are used to dry and press the specimen 
immediately after it was picked. Thus its original color can be preserved. 
Be careful when sunning specimens for preservation to prevent mildewing 
and wormholes. 


Copper acetate procedure: Add copper acetate to 50 percent glacial acetic 
acid to saturation. Then add four volumes of water to dilute the “olution. 
The specimen is heated in the diluted sciution 10 to 30 minutes. First, 
the specimen lightens in color to yellowish-green before green 1 cappears. 
Lift out the specimen from the solution and rinse it with water. Then use 
a similar method (wax leaf specimen) to preserve “- clamps. The specimen 
will stay green for a long time. 


(2) Soaking of specimen: 70 percent ethanol or 5 prcent formalin solu- 
tion is available as preservatives. 


(3) Insect specimen: 


Imago: First enough long folded paper strips ery placed in a poison 
bottle to prevent damage to the insect body as it struggles against 
confinement. A small imago can be first placed into a glass tube, 
followed by a cotton ball plugging the opening. The glass tubz is then 
placed in boiling water for a minute to kill the insect, which is then 
wrapped well for preservation. 


Larva and chrysalis: Before soaking **= ia:.ee in a solution, they should 
not be fed for enough time to com ietely drain body wastes. Boil the 
larvae and chrysal‘; before soaking tiem ir. solution. 


Common soaking solutions are as follows: (a) ethanol, 79 to 75 percent, 
added to glycerin, 0.5 to 1 percen’. (giycerin addition can keep ethanol 
from evaporating and the insect body soft); and (b) 50 milliliters of 
formalin at 10 percent with the addition of 50 milliliters 5 per’ «nt 
ethanol. 


Appendixes 


I. Methods of Determining Active Soil Nutrients 


l. Preparing hydrochloric acid as a soil soaking solution: Weigh out a 
S-gram soil sample. It is then placed into a flat-bottom test tube. Add 
5 milliliters 0.5 percent hydrochloric acid solution. Mix thoroughly 
with a glass rod. Wait for 1 to 2 hours for any solids to settle in the 
tube. The liquid in the top layer is the soil soaking solution. 
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2. Compounding the reagent: 


(1) Diphenylamine and sulfuric acid solution (for determining nitrate 
nitrogen): Dissolve 1 gram diphenylamine in 100 milliliters of concen- 
trated sulfuric acid (analytically pure, specific gravity 1.84). 


(2) Mercury iodide reagent (for determining ammonium state nitrogen): 
Weigh 11.5 grams mercury iodide and 8 grams potassium iodide. Dissolve 
these two chemicals in 50 milliliters distilled water. Then, add 50 
milliliters caustic soda (6N) solution. (If settlement develops, use 
the reagent without precipitation.) Store the reagent in the dark. 


(3) Ammonium molybdate and sulfuric acid solution (for determining avail- 
able phosphorus): Weigh 2.5 grams ammonium molybdate to be dissolved in 
20 milliliters distilled water. Heat the mixture to 60°C for complete 
dissolution. Cool the solution. Then add 7 milliliters concentrated 
sulfuric acid to water to form 80 milliliters of solution. These two 
solutions are then mixed and cooled. Add 100 milliliters distilled 

water and store the mixture in the dark. 





(4) Stannous chloride solution (for determining available phosphorus): 
Dissolve 1 gram stannous chloride in 40 milliliters 5 percent hydro- 
chloric acid solution. A thin film of paraffin oil is added over the 
solution to separate it from the air. Store in the dark. The solution 
will become ineffective if stored overlong. At that time, a few stannous 
chloride crystals can be added to restore effectiveness. 


(5) Cobalt and sodium nitrite solution (for determining available 
potassium): Dissolve 2 grams cobalt and sodium nitrite in 20 milli- 
liters distilled water. Then, add 3 drops acetic acid and store the 
mixture in the dark. 


3. Compounding of standard solution: 


(1) Prepare a standard solution of nitrate nitrogen, phosphorus and 
potassium: Dissolve 1.214 grams sodium nitrate (chemically pure) in 
1,000 milliliters distilled water. This is the standard mother liquor 
containing 200 p.p.m. pure nitrogen. 


Dissolve 1.0 grams sodium biphosphate (NaH2P04) in 1,000 milliliters 
distilled water. This is the standard mother liquid containing 200 p.p.m. 
phosphorus. 


Dissolve 1.905 grams potassium chloride in 1,000 milliliters distilled 
water. This is the standard mother liquor containing 1,000 p.p.m. 
potassium. 


The following table can be applied to dilute the standard mother liquor 
in use: 
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ure shosphorusy (P*P*™=)» pure potassium (x 5 p.p.m.)] 1 5 10} 20; 40 
Mother liquor of nitrate nitrogen (milliliters) 0.5] 2.5 5} 10; 20 
Phosphorus mother liquor (milliliters) 0.5} 2.5 51; 10; 20 
Potassium mother liquor (milliliters) 0.5] 2.5 5} 10; 20 
Add distilled water until (milliliters) 100 | 100 | 100 | 100 | 100 




















(2) Ammonium state nitrogen standard solution: Dissolve 0.382 gram 
ammonium chloride or 0.472 gram ammonium sulfate in 1,000 milliliters 
distilled water. This is the standard mother liquor containing 100 p.p.m. 
pure nitrogen. Apply the following table in diluting the standard mother 
liquor: 














Pure nitrogen (p.p.m.) 0.5 1 2 4 8 
Mother liquor (milliliters) 0.5 1 2 4 8 
Add distilled water until (milliliters) 100 100 | 100 100 100 




















4. Determination method: 


(1) Nitrate nitrogen: Drip onto the concave side of an enameled reaction 
plate separate batches of 1, 5, 10, 20 and 40 p.p.m. mixture standard 
solution and one drop of soil soaking solution. Then, add to each portion 
five drops diphenylamine and sulfuric acid solution, for thorough mixing 
with a glass rod. Wait 3 to 5 minutes, then compare each batch of solu- 
tion with the blue color of the determination solution and the blue color 
of various standard solutions. Thus, the content (p.p.m.) of nitrate 
nitrogen in the soil can be determined. 


(2) Ammonium state nitrogen: Drip into the concave side of an enameled 
reaction plate separate portions of 0.5, 1, 2, 4 and 8 p.p.m. ammonium 
state nitrogen standard solution and one drop soil soaking solution. 
Then, add to each portion one drop of mercury iodide solution. Compare 
the variation in yellow coloration between the determination solution 
and the various standard solutions to find the content (p.p.m.) of 
ammonium state nitrogen in the soil. 


(3) Available phosphorus: Drip into concave side of an enameled reac- 
tion plate separate portions of 1, 5, 10, 20 and 40 p.p.m. ammonium state 
nitrogen standard solution and five drops of determination soil soaking 
solution. Next, add one drop of ammonium molybdate and sulfuric acid 
solution. The solution is then thoroughly stirred with a slender glass 
rod. One drop of stannous chloride solution is then added before thorough 
mixing. Then compare the blue color of the determination solution with 
the standard solution to find the concent (p.p.m.) of available phosphorus 
in the soil. 


874 





(4) Available potassium: Drip into concave side of concave transparent 
glass (a piece of black paper is placed under the glass) separate por- 
tions of 1, 5, 10, 20 and 40 p.p.m. standard solution (potassium content 
in solution is x 5 p.p.m.) and one drop of soil soaking solution to be 
determined. Then add one drop of cobalt and sodium nitrite solution to 
each portion. Wait 10 minutes, then compare the yellow turbidity in 
sunlight, of the determination solution and the standard solution to 
find the available potassium content (p.p.m.) of such soil. 


Il. Computation Table of Rice and Wheat Yields 
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te % #4 —+—__— = 
(a) i 2 3 4 5) 6/7 | 8 | a | 0 
mtr & 
(c) * &  OF/ii) 
i | 05) 1.0] 1.5] 2.0) 2.5) 3.0] 3.5) 4.0) 4.5] 5.0 
2 1.0; 2.0 7.0 4.0, 5.0) 6.0) 7.0) 8.0) 9.0) 10.0 
3 1.5! 3.0, 4.5) 6.0! 7.5! 9.0] 10.5! 12.0) 13.5| 15.0 
4 2.0| 4.0| 6.0, 8.0) 10.0) 12.0] 14.0 16.0 18.0) 20.0 
5 2.5; 5.0, 7.5! 10.4| 12.5) 15.0] 17.5 20.0! 22.5) 25.0 
6 3.0| 6.0| 9.0) 12.0 15.0 18.0 21.0) 24.0 27.0! 30.0 
7 4.5\ 7.0 10.8' 14.0) 17.5) 21.0) 24.5) 28.0, 21.5, 25.0 
- 4.0/ 8.0 12.0, 16.0) 20.0] 24.0) 28.0) 32.0, 36.0) 40.0 
9 4.5) 9.0) 13.5! 18.0) 22.5) 27.0) 31.5) 36.9 40.5) 45.0 
in 5.0 10.0 15.0) 20.0! 25.0 30.0! 35.0! 40.0 45.0, 50.0 
20 1.0 20.0 0.0) 40.0) $0.0) 60 0) 70.0) 80.0 90.0) 100.0 
30 15.9 30.0, 45.0, 60.0! 75.0) 90.0) 105.0) 120.0) 125.0) 150.0 
49 | 20.0 40.0, 60.0 80 0| 100.0] 120 0| 140.0, 160.0 180.0 | 200.0 
50 | 25.0 50.0 | 75.0) 100.0! 125.0| 150.0/175.0| 200.0 | 225.0 | 250.0 
60 | 30.0 60.0 | 90.0 120.0 150.0! 180.0/ 210.0) 240.0 270.9 | 300.0 
70 =| 35.0 70.0 105.0/ 140.0) 175.0 | 210.0! 245.0) 280.0 315.0! 350.0 
a9 40.0 80.0 120.0 100.0 200.0 | 249.0 | 280.0] 320.0 | 360.0 490.0 
Key : 
a. Number of kernels in each spike c. Yield (catties per mou) 


b. Number of spikes (10,000 per mou) 


Note: (A) If the number of spikes per mou and the number of kernels per 
spike cannot be obtained directly from the table above (for 
example, 420,000 spikes per mou and 21 kernels per spike), 
then the yields can be obtained by the following method: 


(1) From the above table in the 40,000 spikes column, the yields 
for 1 and 20 kernels are respectively, 2 and 40 catties; add 


40 to 2 to get 42 catties. Then the yield for 40,000 spikes 
per mou should be 420 catties. 
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(2) From the above table in the 20,000 spikes column, the yields 
of 1 and 20 kernels are, respectively, 1 and 20 catties; add 
20 to 1 to get 21 catties. 


(3) Add the two final figures in (1) and (2), 420 + 21 = 441 
catties (the yield of 42,°90 spikes per mou and 21 kernels 
per spike). 


(B) In the above table, the calculation is based on 25 grams per 
1,000 kernels. If the figure is not 25 grams, then a conver- 
sion in the calculation can be made. 


Actual measured yield = yield from the table + 25 x actual 
weight of 1,000 kernels. 


TII. Calculation of Volume 


For cube: volume = base area x height = (side of base) 2 x 
height 





For rectangular cube: volume = base area x height = length 
x width x height 


For cylinder: volume = base area x height = 7 x radius? x 
height = 1/2 circumference x radius x height = 
[(circumference)2/4n] x height. 

(n = 3.1416) 


For cone: volume = 1/2 base area x height 


For conical frustrum: volume = 1/2 hn (rt + r + r,‘r2) 


h = height; rj = base radius; rj = top radius. 


For frustrum: volume = 1/2n(S¥ + Ss) + S)°S2) 


S; = length of side at base; Sj = length of side at 
top. 


"i 
For four-sided pyramid: volume = 1/2 base area x height 
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For volume computation, first compute the volume (cubic meters) of a 
grain pile. Then volume is multiplied by weight per unit volume (see 
the following) to get the estimated weight (catties) of the grain pile. 


IV. General Volume-Weight of Various Crop Seeds 











Name of seeds Catties/cubic meter 
Xian rice 1070-1200 
Geng rice 920 (with awns)-1180 
Wheat 1300-1600 
Barley 910-970 
Corn 1300-1500 
Gaoliang 1400-1450 
Buckwheat 1100 
Rape 1120-1270 
Sesame 1100-1200 
Unshelled peanuts 420-480 
Shelled peanuts 1150-1300 
Castor oil seeds 900-1100 
Cotton seeds 700 
Soybeans 1350-1520 
Broadbeans 1400 
Peas 1600 
Mung beans 1570 
Broom corn seeds 1500 
Chinese milk vetch 1400 
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¥. Conversion Table of Chinese and Foreign Weights and Measures 


1. Conversion Table of Commonly Used Units ia the Metric Systes 


Metric 
Classi- geasure- 
fication 
Length Kilometer is 
Meter s 
Centimeter cs 
Millimeter = 
Micron ‘» = 
Ares Square kilometer kn2 
Hectare ha 
are a 
Centiare ca 
Capacity Cubic meter a 
Liter® 1 
Milliliter al 
Weight Ton, metric ton t 
Quintal q 
Kilogras kg 
Grea 8 
Milligres a, 
Microgras tr, vs 
Output Kilogran/hectere kg/he 
per unit 





*One liter (kung sheng) is equal to the voluse of 1 at 
density under standard atmospheric pressure and is equal to 1000.028 cub 


equal to 1,000 cubic centiseters. 


1,000 asters 

100 centimeter 
10 millineter 
1,000 aicron 
1/1,000,000 meter 
100 hectares 

100 ere 

100 centiere 

l square meter 
1,000 liter 


1,000 milliliter 


1,000 kilogress 
100 kilogrens 
1,000 grams 
1,000 ailligrass 


1,000 sicrogrens 
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British (U.S.) 


Unit of measure _ sent eh entien cu setnios cee cute. 


2 14 (6849) 0.54 nautical ailes 
(Chinese nile) or 0.621 aile 

3 ch‘ih [1439) 3.2008 feet or 39.37 
(Chinese foot) inches 

3 fea [0433] 0.3937 inches 

3 14 (0622) 0.03937 iaches 

1,500 aou 247.1 acre 

4 equare 1i [6849] (0.3861 square siles) 
(Chinese nile) 

15 aou 2.471 ecres 

1.5 fen (0433) 0.0247 acres 

0.15 14 [0622] 1.196 square yerds 

10 ehih-shih 0.22 imperial gallica 
(1579 4258) 


1 shih-sheng 0.2642 U.S. liquid 


{1579 0561) - gallon 
0.227 U.S. dry gsllon 
2,000 catties 0.9642 long ton or 
1.1023 short ton 
200 catties 228.46 pounds 
2 catties 2.205 pounds 
0.02 Chinese ounce 0.49353 ounces or 
0.365 dren 
0.133 catties/aou 0.408 hundredwai ght / 
. acre or 0.892 pounde/ 
ecre 


the time of greatest 
ic centineters--nearly 




















2. Conversion Table of Commonly Used Units in the Market Systes 





Classi- 
fication _ Unit of measure 
Length Li (6649) (Chinese 
aile) 
Chang [0004] 
Ch'th [1439] 
(Chinese foot) 
Ts‘un [1407] 
(Chinese inch) 
Pea [0433] 
Area Mou 
Pen (0433) 
Li (0622) 
Capecity Shih [4258] 
Tow (2435) (Chinese 
peck) 
Sheng [0581] 
Ho [0678] 
Weight Picul 
Catty 
Chinese ounce 
Chien [6929] 
Out put Catty/mou 
per 
wnit of 
seaeure 








British (U.S.) 


Unit equivalent Metric equivalent system equivalent 
150 chang [0004] 0.5 kilomete: 0.311 mile or 0.270 
neutical aile 
10 ch'ih (1439) 3.33 aeters 10.94 feet 
(Chinese foot) 
19 te‘un (1407) 33.33 centimeters 1.0940 feet or 13.12 
(Chinese inch) inches 
10 fen (0433) 3.33 centimeters 1.312 taches 
3.33 williseters 0.131 inches 
10 fen (0433) 0.0667 hectare 0.1647 acre 
6,000 square ch ih 
11439) 666.7 square aeters 
10 14 [0622] 0.66 are 0.0165 acre 
600 square ch’ ih 
[1439] 66.7 square seters 


60 square ch'ih 
[0622] 

10 tou [2435] 
(Chinese peck) 

10 sheng (0581) 


10 ho (0678) 


100 catties 
10 Chinese ounce 
10 ch'ien (6929) 


6.67 square seters 


100 liter 
10 liters 


1 liter - 
0.1 liter 


0.5 quintals or 50 


kilograms 
0.5 kilogram or 500 
graeme 


0.22 imperial gallon 


0.2662 U.S. Liquid gallou 
0.227 U.S. dry gallon 


110.23 pounds 
1.1023 pounds 
1.7637 ounces 


0.177 ounces or 2.824 
édrane 


0.06 hundredweight/acre 
or 6.692 pounds/acre 


*in Chinese weights for gsedicine, one catty equals 16 Chinese ounces, one Chinese ounce equals 
31.25 grams or 1.103 ounces, one Chinese ounce equals 10 ch’fen [6929] and one ch’'ien (6929) 


equa! 3.125 grams or 0.1103 ounces (or 1.765 drems). 
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3. Conversion Table of Commonly Used Units in the English (U.S.) Systes 


Classi- 


Market systen 


fication _Unit of weasure  _  iimit equivalent. _Metric equivalest _ _ equivalent _ 


Length 


Weight 
(avoir- 


Bevtical aile 


BE EE 


Long ton 


Ton, short ton 
Hundiredwe i ght 


U.S. bushel 
Imperial gallon 


U.S. gallon 
Hund redveight /acre 
Pound/acre 


©, ‘0 feet 


5,280 feet 
3 feet 
12 inches 


(British standard) 
4 British standard 


quarts 


1.8532 kilometers 
1.6093 kilometers 


125.537 kilograns/ 
hectere 


1.121 kilograns/ 
hectare 


3.7064 11 [6849] 
(Chinese sile) 

3.2186 11 (6649) 
(Chinese siles) 

2.743 ch'ih [1439] 


3.785 sheng (0581) 
1.136 sheng (0561) 


0.946 sheng (0581) 
36.368 sheng (0561) 


35.238 sheng (0581) 
4.546 sheng (0581) 


4.405 eheng (0561) 
16.735 catties/aou 


0.149 catties/sou 

















es 


4. Conversion Table of Commonly Used Units in the Japanese Systex 


Classi- Geit of 
Giemics _Gueeen. Sieienfens, teenie contepfest, Market systes equivalent _ 








Length Ri % cho 3.927 kilometers 7.654 14 [6849] (Chinese wile) 
Cao % jo 109.0 meters 327 ch"ih [1439] (Chinese foot) 
Jo 10 shake 3.03 meters 9.0% ch*ih [1439] (Chinese foot) 
ken 6 shake 1.818 seters 5.454 ch*ih [1439] (Chinese foot) 
Shaku 10 sus 0.303 meters 0.909 ch’ih [1439] (Chinese foot) 
Sun 10 bu 3.03 centineters 0.909 ce'un [1407] (Chinese iach) 
Bu 0.303 centimeters 0.909 fen (0433) 

Area Cho 10 tas 99.15 are 14.67 mou 
Tan 10 se 9.915 are 1.487 sou 
Se 30 teubo 99.15 square meters 0.1487 sou 
Teubeo (bu) 10 go 3.305 square seters 0.496 14 [0622] 
Go 10 shaku 0.3305 square seters 0.0496 14 [0622] 
Shaku 330.5 equare centimeters 0.005 11 (0622) 

Capecity Koku 10 to 180.5 liters 1.805 shih [4258] 
To 10 sho 18.05 liters 1.805 tow (2435) 
Sho 10 go 1.805 liters 1.605 sheng (0581) 
Go 10 shaky 0.181 liters 1.805 ho [0678] 
Shaku 0.018 liters 0.181 ho (0678) 

Weight Kan 1000 momme 3.759 kilograms 7.518 catties 
Kio 160 eoume 0.601 kilogres 1.212 catties 
Momme 3.759 gram 0.752 Chinese ounces 
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VI. Conversion Table of Horsepower and Kilowatt 








Horse = Kilowatt Horsepower Kilowatt 
1 0.736 10 7.3% 
2 1.47 ll 8.09 
3 2.21 12 8.83 
4 2.94 13 9.56 
5 3.68 14 10.30 
6 4.42 15 11.04 
7 5.15 20 14.72 
8 5.89 25 18.40 
9 6.12 30 22.08 
Kilowatt Horsepower Kilowatt Horsepower 
0.5 0.68 8 10.88 
1 1.36 10 13.60 
2 2.72 15 20.40 
3 4.08 16 21.76 
4 5.43 18 24.43 
5 6.79 20 27.20 
6 8.16 25 34.00 
7 9.52 
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Power-driven 
Complex type 
Selector 
Gleaner 
Lateral 
Horizontal 


Nailtocoth 


rR ih 


SRRKFMCACURESORA Be 


ding 





Seperat ing 
Granulated 
Shovel-type plow 
Lift and transport 
Reclaim wasteland 


Cultivated land 
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VIII. 


of Specific Gravity 


(a) wha 





asa = 











Key: 


Baume degree 


Specific gravity 


Synopsis of Baume Scale of Specific Gravity and Universal Scale 


IX. Comparison Between Different Temperature Scales and Their Inter- 























conversion 
Type of Scales between 
temperature Symbol ee ——- boiling and 
scale — a freez ints 
Celsius Cc 100 0 100 
Fahrenheit F 212 32 180 
Reaumur . 80 0 80 
Conversion between various scales: 
se) 
Fo ¢C+82 
ie . R+32 
C= (F-52) 4 
5 
Cu r A ; 
R= (F —32) 9 
“ ; 
R=. 
cSu: 4007 ~- END - 
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